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Madden and his collaborators (1-3) have reported that certain mixtures 
of crystalline amino acids are well tolerated when infused intravenously 
at high rates into dogs, whereas protein hydrolysates must be given fairly 
slowly to be tolerated. They have also found that glycine added to mix- 
tures of pure amino acids improves their tolerance. They further report 
that glutamic acid is particularly likely to produce vomiting and suggest 
that the lower tolerance to the hydrolysates may be due, in part at least, 
to their content of this amino acid. Unna and Howe (4) have corroborated 
this observation concerning glutamic acid and have also demonstrated 
that aspartic acid has an equal emetic effect. Madden et al. (5) more 
recently have also reported that dl-aspartic acid in mixtures of crystalline 
amino acid induces vomiting. 

In this communication we wish to record striking differences in the 
tolerance of mixtures of racemic and natural amino acids, to elaborate on 
some of Madden’s findings, and to present a preliminary study of the 
tolerance to single amino acids. 


EXPERIMENTAL 


Healthy adult mongrel dogs maintained on a diet of Purina dog chow 
were given single intravenous infusions of solutions of the mixtures listed 
in Table I, of variations of these mixtures, and of single amino acids. 
Food was withdrawn from the cages in the afternoon of the day preceding 
the experiment. ‘The rates of infusion were carefully controlled by use 
of a variable speed infusion pump designed by Mr. Michael Kniazuk of 
the Merck Institute. With this instrument an 8 per cent solution of amino 
acids may be given to a 10 kilo dog at a maximum rate of 35 mg. of nitrogen 
per kilo per minute. Pulse and temperature were recorded at intervals 
during the infusion and for 2 hours thereafter. No dog was used more 
often than twice weekly. 

* Present address, University of Illinois College of Medicine, 1853 West Polk Street, 
Chicago 12, Illinois. 

t Present address, Boston City Hospital, Boston 18, Massachusetts. 
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Vomiting was used as the criterion of non-tolerance. The vomiting 
was preceded by a short period of nausea, retching, and a slight fall jp 
rectal temperature. On continuation of the infusion the vomiting often 
reoccurred in short intervals. However, after the termination of the ip. 
fusion, vomiting ceased and the animals recovered quickly within 2 hours, 
No elevation in temperature was observed during the infusion. Only 
occasionally a rise of 1° or 2° was encountered 1 to 2 hours after the infusion, 
Such temperature reactions were presumably due to contamination with 
pyrogens, and not to the amino acids per se. 


TaBie I 
Per Cent Composition of Mixtures of Amino Acids 






































Mixture | Mixture Mixture Mixture Vuj mix- Vuj-N 
I Il Ill IV | ture | mixture 
ennai 
1(+)-Arginine HCl........... 10.8 | 8.0 8.0 
1(+)-Histidine HCl-H.0O..... 5.3 | 4.0 4.0 
1(+)-Isoleucine.......... 14.2 9.7 | 7.8 
dl-Isoleucine........ jwande] 16.6 16.5 | 10.8 
l(+)-Leucine............ ...| 82.0 23.5 | 21.7 | 15.4] 17.5 
See eee a ae 37.4 
l(+)-Lysine HCl........... 16.1 12.3 | 12.3 
i(—)-Methionine..............} 9.2 6.2 5.5 
dl-Methionine......... 10.7 9.2 6.1 iz 
l(—)-Phenylalanine.......... 16.0 10.8 mS 
dl-Phenylalanine............. 18.7 10.6 6.9 
l(—)-Threonine.......... fa 3.2 2.2 | 1.7 
di-Threonine. . 3.7 | 16.5 | 10.8 7.4 
dl-Tryptophane.... wet | | 3.7 1.8 1.8 
l(+)-Valine......... ~~ i A 7.6 | 6.1 
dl-Valine | 12.9 21.0 13.9 
OO eee | | | 10.0 10.0 
| 
Total... | 85.7 | 100.0 | 100.0 | 90.4 | 100.0 | 92.0 


The amino acids were dissolved in distilled water by heating on a steam 
bath to 70-80°. ‘The solutions in all cases with the exception of dl-phen- 
ylalanine (to be discussed later) were adjusted to pH 6 to 7 with strong 
sodium hydroxide solution. The nitrogen content of the complete amino 
acid mixtures (those containing all of the essential amino acids) and of the 
hydrolysates tested varied from 1.0 to 1.1 gm. per 100 cc. The total 
amount of nitrogen administered in these preparations was usually approxi- 
mately 220 mg. per kilo of body weight. Correspondingly smaller amounts 
of the incomplete mixtures were given. 

In Table I the amino acid composition of some of the infusion mixtures 
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jsshown. Mixture I is the monoaminomonocarboxylic fraction of a pro- 
tein hydrolysate obtained from a casein hydrolysate by Dakin’s butanol 
extraction procedure. Its amino acid composition was determined by 
microbiological assay. The unidentified portion of this mixture containing 
15 per cent of the total nitrogen is possibly to a large extent natural non- 
essential amino acids. Mixture II is a mixture of the essential racemic 
acids in the same proportion in which the natural acids are found in the 
butanol extract, whereas Mixture III is a mixture of the monoamino- 
monocarboxylic acids in the proportions in which they are found in 
Madden’s Vuj mixture (6). No. IV is a mixture of natural amino acids 
made by adding the pure basic amino acids to Mixture I. The fifth 
mixture is Madden’s Vuj mixture which has, to some extent, been used 
dinically. The final mixture is obtained by addition of certain racemic 
amino acids and glycine to Mixture IV to make it resemble the Vuj mixture 
with respect to natural amino acid content. Because of this close resem- 
blance and because it consists predominantly of natural amino acids, it 
has been given the designation Vuj-N mixture. 
RESULTS AND DISCUSSION 

The monoaminomonocarboxylic fraction (Mixture I) was infused at 
rates varying from 5 to 22 mg. of N per kilo per minute in a series of 
seventeen experiments with eleven dogs without causing vomiting or any 
apparent nausea. However, when a mixture of the same essential amino 
acids in the same proportions but in the racemic form (Mixture II) was 
given to three dogs at rates between 1 and 2 mg. of N per kilo per minute, 
all of these animals vomited repeatedly. In a like manner, Mixture III 
containing racemic monoaminomonocarboxylic acids and 1(+-)-leucine in 
the proportions found in the Vuj mixture produced violent retching for 
twelve of fourteen infusions when it was administered at rates of 2 to 4 mg. 
of N per kilo per minute. Again, when the 1(+)-leucine of Mixture III 
was replaced by dl-leucine (Mixture IIIa) two of four dogs vomited at 
the rate of 2 mg. of N per kilo per minute. 

The mixture of nine natural essential amino acids (Mixture IV) was 
used in nine infusions at rates of 20 to 35 mg. of N per kilo per minute. 
Only two of the animals vomited and in these experiments the rates of 
infusion were 30 and 31 mg. of N per kilo per minute. Similarly, when 
this mixture was fortified with about 10 per cent racemic amino acids and 
10 per cent glycine (Vuj-N mixture) it was extremely well tolerated, 
producing no vomiting for eighteen infusions at rates of 6 to 30 mg. of 
N per kilo per minute. In contrast, the Vuj mixture produced vomiting 
in eight of a series of sixteen infusions at rates between 5 and 6.5 mg. of 
N per kilo per minute. Table II summarizes the results of the experiments 
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which show the striking differences in the tolerance to natural and racemic 
amino acids. 

Although these great differences in tolerance may not be considered 
evidence of non-utilization of the d forms of the amino acids, they become 
of prime importance in parenteral amino acid alimentation, when speed 
of infusion may be advantageous. 

The effect of glycine in increasing the tolerance of the dog to mixtures 
consisting predominantly or entirely of racemic amino acids is not great. 
Three dogs vomited when they received Mixture III plus 10 per cent 
glycine (Mixture VIT) at rates of 2.5 to 3.5 mg. of N per kilo per minute, 


TABLE II 


Tolerance to Mixtures of Natural and Racemic Amino Acids 








| , | * 
2S | Mixture No.| Description of mixture ~~ a a. ine ret 
| me. per he. | efor he 
11 I | Natural monoaminomonocar 110-120 | 5-22 17 0 
boxylic acids 
3) | Racemic amino acids correspond- 120 l- 2 3 3 
| ing to Mixture I 
9 | II | Monoaminomonocarboxy lic | 120 2- 4 14 {| 12 
acids as found in Vuj 
4 | Illa | Mixture Iil with dl-leucine re 120 2.0 4 | 9 
placing 1(+)-leucine 
7 | IV | Natural amino acids | 216 20-35 9 | 2 
Ss Vuj | Mixture containing 50% racemic | 220 5- 6.5! 16 | 8 
/ amino acids 
11 Vuj-N | Natural amino acids + 10% race-| 220 6-30 18 0 


mic amino acids + 10% glycine 


Addition of 10 per cent glycine to Mixture Illa (Mixture VIII) again 
showed little or no increase in tolerance, since three of four dogs vomited 
at rates of 2.5 to 3.5 mg. of N per kilo per minute. When 25 per cent of 
glycine was added (Mixture LX) five of six dogs vomited at rates of 3 to 
4 mg. of N per kilo per minute. 

That glycine does, however, greatly increase the tolerance for racemic 
amino acids in some mixtures of racemic and natural acids is demonstrated 
by a series of experiments in which the Vuj-N mixture minus glycine 
(Mixture X) was used. As has been previously recorded, a mixture of 
natural amino acids is tolerated at rates up to 30 mg. of N per kilo per 
minute. Similarly, when 10 per cent racemic acids and 10 per cent glycine 
are added to this mixture it may again be given at a rate of 30 mg. of N 
per kilo per minute without nauseating effects. However, when the 
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glycine is omitted vomiting occurs quite frequently at rates as low as 9 mg. 
of N per kilo per minute. Forty infusions were carried out at rates between 
§ and 30 mg. of N per kilo per minute. In twenty-one of the forty vomiting 
occurred. Closer examination of the data indicates that this mixture 
behaves somewhat anomalously, 7.c., the incidence of vomiting was greater 
upon infusion at rates of 9 to 11 mg. when seven of ten dogs vomited than ; 
at 18 to 22 mg., when vomiting occurred in only seven of fourteen. As 
an example of individual performance Dog 571 vomited when the infusion 
rate was 11 mg. of N per kilo per minute but in two infusions at 21.5 mg. 
vomited only once. This great individual variation was not encountered 
with the other mixtures used. 


TaBLe III 


Effect of Glycine on Tolerance to Amino Acid Mixtures 

















No.of | Mixture Description of mixture Nitrogen, | Nitrogen rate *— me 
dogs | No. | total | usions| ings 
— - a SSS EEE aol) meen 
eer] agar] | 
9 | Ill | Monoaminomonocarboxylic | 120 2-4 14 12 
| acids as found in Vuj mixture | 
: VII Mixture III + 10% glycine 120 2.5- 3.5* 3 
4 | Ia | “ “ withdl-leucinere- | 120 | 2 a} 2 
| placing /(+)-leucine 
{ VIII | Mixture IIIa + 10% glycine | 120 | 2.5 3.5* 4 3 
6)/ix | “ “© 425% « | 120 | 3 -4* 6 | 5 
7 IV Natural amino acids 216 | 20 -35 9 2 
11 Vl Mixture IV + 10% racemic am- 220) | 6 -30 | 18 0 
ino acids + 10% glycine 
12 X Vuj-N mixture minus glycine 214 | 6 -30 40 21 


* These figures do not include the glycine nitrogen. 


The results of the experiments showing the effect of glycine upon the 
tolerance to amino acid mixtures are summarized in Table ITT. 

The poor tolerance to the racemie amino acid mixtures (Mixtures II 
and III) might be a cumulative effect of all or, on the other hand, might 
be due to a comparatively great emetic effect of one or a limited number 
of them. Accordingly, each of these racemic acids was infused singly at 
several times the rates and in at least twice the total amounts that they 
were given in the mixtures. The results, found in Table IV, show that 
each amino acid is remarkably well tolerated. Even dl-methionine, by 
far the worst offender, could be injected at 4 times the rate and in twice 
the total quantity that it is given in the Vuj solution when infused at the 
maximum tolerated speed of 6 mg. of N per kilo per minute. 
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Owing to its low solubility, dl-phenylalanine was given in solution at 
pH 8.5. This amino acid produced vomiting in one of three experiments 
when a total of 1 gm. per kilo of body weight was administered at 2.8 mg. 
of N per kilo per minute. This positive result is probably without signifi- 
cance, however, since glycine which is normally innocuous produced vomit- 
ing in one of two experiments at pH 8.5. 


TaBLe IV 
Tolerance to Single Amino Acid 











— Description of material | Amino acid Nitrogen nit conti 
me. per ’ | 
| haa be. per | me, fo worty | 
2 | dl-Isoleucine 11.0 | 33 1105 | 3.5 2 0 
2 | dl-Leucine (21.0 | 33 |105 3.5 2 1* 
2 dl-Methionine 0.2 | 10.6 18 1.0 2 0 
2 | 4 0.6 | 16-22; 5.6 |1.6—2.1) 2 2 
3 | dl-Phenylalanine 1.0 | 33 8.4 | 2.8 3 1} 
t | dl-Threonine 1.0 | 33 116 3.9 4 2 
2 | dl-Tryptophane 10.06 | 3.2 8 0.4 2 0 
2 | dl-Valine }1.0 | 33 119 1.0 2 0 
9 | Mixture III, monoamino- | 120 2 f 14 12 
| monocarboxylic acid as | 
| found in Vuj 
5 | Mixture ITI minus dl-methi- | 70-100) 2.5— 5 5 2 
| onine 
2 Mixture III minus dl-threo- 98 32 +3 2 2 
nine 
4 Mixture III minus dl-methi- 102 { -5 4 ] 
onine and d!-threonine 
2 - ™ 102 7 2 2 
11 Mixture I, natural mono- | 110-120 5 -22 17 0 


aminomonocarboxylic acids 


* Vomiting possibly due to the large volume of solution given. 
t Vomiting probably due to the pH of the solution (8.5). 


Since vomiting was encountered with alkaline solutions, no attempt was 
made to increase the solubility of di-leucine by forming the sodium salt. 
Accordingly, this amino acid was infused in a 1.2 per cent solution. In 
this connection it is of interest to note the volume of solution which may 
be infused without apparent ill effects. Two dogs each received 80 ce. 
of solution per kilo over a period of 30 minutes. One vomited a few 
minutes after the infusion; in the second there was no reaction. Because 
of the large volume of solution infused the positive reaction in the first 
dog cannot be definitely ascribed as an effect of the di-leucine. 
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To eliminate the possibility that the poor tolerance of the racemic amino 
acids might be due to either or both of the two least well tolerated of the 
amino acids, methionine and threonine, these acids have been omitted 
from the infusion mixture. The results of these experiments are shown 
in Table IV. When methionine is eliminated from Mixture III there is 
a possibility of a slight increase in tolerance to the mixture. When thre- 
onine is left out, there is apparently no appreciable change. However, 
when both are removed, the rate at which the mixture may be given without 
inducing vomiting seems to be appreciably increased although the ceiling 
of tolerance is still quite low in comparison with that of the natural amino 
acids. 

SUMMARY 


1. Mixtures of natural amino acids can be given to dogs intravenously 
at much higher rates without inducing vomiting than can similar mixtures 
containing racemic amino acids. 

2. Glycine causes a definite increase in the tolerance of the dog to infusion 
of certain mixtures containing racemic amino acids. 

3. Of the single racemic amino acids tested, d/-methionine is the most 
poorly tolerated. ‘The poor tolerance of the mixtures of amino acids is, 
however, undoubtedly due to cumulative effect of the racemic acids present. 


The authors wish to express indebtedness to Dr. Max Tishler for valuable 
suggestions and guidance in this work, and to Dr. J. L. Stokes for the amino 


acid assays. 
BIBLIOGRAPHY 


1. Madden, 8. C., Carter, J. R., Mattes, A. A., Jr., Miller, L. I., and Whipple, G. H., 
J. Exp. Med., 77, 277 (1943). 

. Madden, 8. C., Woods, R. R., Shull, F. W., and Whipple, G. H., J. Exp. Med., 79, 
607 (1944). 

3. Madden, 8. C., Woods, R. R., Shull, F. W., Remington, J. H., and Whipple, G. H., 

J. Exp. Med., 81, 439 (1945). 

4. Unna, K., and Howe, E. E., Federation Proc., 4, 138 (1945). 

. Madden, 8. C., Anderson, F. W., Donovan, J. C., and Whipple, G. H., J. Exp. 
Med., 82, 77 (1945). 

6. Madden, 8. C., and Clay, W. A., J. Exp. Med., 82, 65 (1945). 


bo 


or 



































THE EFFECT OF PROTEIN ON THE NICOTINIC ACID AND 
TRYPTOPHANE REQUIREMENT OF THE GROWING RAT* 


By W. A. KREHL, P. 8. SARMA, anv C. A. ELVEHJEM 


(From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 


(Received for publication, December 8, 1945) 


Previous work (1, 2) has clearly established that the presence of corn in 
asynthetic low protein diet alters the dietary nicotinic acid and tryptophane 
requirement of the growing rat. This relationship between nicotinic 
acid and tryptophane is not peculiar to corn-supplemented rations, since 
similar effects can be demonstrated (3) with non-corn rations which are 
low in both tryptophane and nicotinic acid. 

Since tryptophane is most directly concerned with this syndrome, the 
present report deals with a more extensive examination of proteins other 
than casein which contain different amounts of tryptophane (t.e. egg al- 
bumin, fibrin, and soy bean globulin) and their influence in counteracting 
the effect of corn. Further evidence is also presented to show that the 
interchangeable réle of nicotinic acid and tryptophane is intimately related 
to the nature of the total amino acid content of the ration. 


EXPERIMENTAL 


Egg albumin and fibrin which were obtained commercially contained 
practically no nicotinic acid. Soy bean globulin was prepared according 
to the method of Teresi ct al. (4), by extracting ground Illini type soy 
beans with 10 per cent NaCl solution, and dialyzing the extract in cold 
running water at temperatures not exceeding 15°. The globulin which 
precipitated after 48 to 72 hours was removed and dried after washing with 
ethanol and ether. The globulin was autoclaved at 15 pounds pressure 
for 1 hour. The protein so prepared was practically free from nicotinic 
acid, 

Each of the proteins was analyzed for total protein (NX 6.25) and 
sufficient quantities were used to supply 10 and 15 per cent of total protein 


* Published with the approval of the Director of the Wisconsin Agricultural Exper- 
iment Station. This work was supported in part by grants from the National Dairy 
Council, on behalf of the American Dairy Association, and the Wander Company, 
Chicago, Illinois. We are indebted to Merck and Company, Inc., Rahway, New 
Jersey, for the generous supply of crystalline B vitamins, and to the Abbott Labora- 
tories, North Chicago, Hlinois, for the generous supply of haliver oil. 
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in the diet (Table I). The composition of the different basal diets was as 
follows: 


Low protein High protein 
Sucrose... =! 83 78 
Protein...... a ; , ; eee ee 15 
i ers ne ae a ea a a 3 
Salts IV... = t 4 
l(—)-Cystine... 0.15 0.15 


The final ration was prepared by mixing 60 parts of each of the above 
rations and 40 parts of corn grits. The vitamins in these and ensuing 
rations were added in the following amounts per 100 gm. of ration: thi- 
amine 0.2 mg., riboflavin 0.3 mg., pyridoxine 0.25 mg., calcium panto- 
thenate 2.0 mg., choline 100 mg., 2-methyl-1,4-naphthoquinone 0.1 mg., 
inositol 10 mg., and biotin 0.01 mg. Vitamins A and D were supptied as 
halibut liver oil, 2 drops every week, together with vitamin E, 1 mg. per 
week per rat. The basal rations in this and the following series contained 
practically no nicotinic acid unless added as indicated. 

Weanling male rats of the Sprague-Dawley strain, 35 to 45 gm. in weight, 
were used throughout. At least three rats were used in each group in 
all experiments, and most groups were repeated to confirm the results. 
The range of growth for all animals is given in parentheses in Tables I and 
III. The tryptophane content of the rations was calculated from the 
figures available in the literature (5) (the value for casein of 1.1 to 1.2 
per cent has been verified in this laboratory). 

When egg albumin, fibrin, and soy bean globulin were used as proteins, 
the addition of corn grits had no growth-inhibiting effect at either the 
lower or upper level of protein, and the addition of nicotinic acid did not 
cause any significant increase in growth. This is in marked contrast to 
the results obtained with casein at comparable levels (2). This difference 
is undoubtedly dependent upon the higher tryptophane content in these 
proteins as compared with casein. Lysine, arginine, glycine, and methi- 
onine were tried at levels of 0.5 per cent in corn-supplemented diets with 
casein as the protein but all were ineffective in promoting growth. This 
further emphasizes the specificity of tryptophane. 

Since previous results (3) indicated that alterations in the intestinal 
flora might be responsible for the action of corn in retarding growth, further 
attempts were made to duplicate these observations with non-corn-con- 
taining rations. It was further hoped that by this means the réle of 
nicotinic acid in the apparent intestinal synthesis of tryptophane could 
be clarified. 

Originally it had been planned to prepare a ration analogous to the 
corn-supplemented ration with respect to casein (7.c. a 9 per cent level of 
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casein) but since this level of casein supplies a suboptimum amount of 
several of the essential amino acids other than tryptophane it was decided 
also to prepare a second basal ration with 6 per cent gelatin in addition 
to 9 per cent casein. Although experiments conducted at about the same 
time with wheat gluten and gelatin (3) indicated that undesirable growth 
might occur when nicotinic acid and tryptophane are simultaneously low, 
it seemed warranted to suppose that a ration composed of 9 per cent casein 
and 6 per cent gelatin would allow better growth than a ration which con- 
tained only 9 per cent protein as casein. It seemed that this ration had 


TaBLe | 
Influence of Different Proteins on Growth-Retarding Effect of Corn Grits 





Sucrose basal diet 


Trypto- Gain per wk. 


Protein 


om : . — Niacin 
Protein oe Niacin® (NX 625) quntent content (range) 
| percent | mg. per cent mg. per cent gm. 
10% fibrin — — | 10.0 | <0.01 | 340 | 17 (12-21) 
0% C«s eel + - 9.6 0.25 | 226 | 19 (17-23) 
10% ‘ Li + ) + 9.6 | 1.25 | 226 | 19 (18-20) 
6% “ . sence _ — | 15.0 | <0.01 | 510 | 27 (21-32) 
er. tenses + - 12.6 (0.25 338 23 (20-28) 
a err + + 12.6 1.25 338 23 (21-24) 
10% egg albumin.. - - 10.0 <0.01 140 15 (13-18) 
10% ‘* ” + _ 9.6 0.25 106 13 (11-14) 
19% “ “s + + 9.6 1.25 | 106 14 (12-15) 
15% “ . itn — - 15.0 | <0.01 210 =| :19 (18-19) 
15% “ ™ awakens + - 12.6 0.25 148 17 (14-21) 
15% ‘* a aerate aia + + 12.6 1.25 148 | 18 (18-19) 
15% soy bean globulin.... - _ 15.0 <0.01 240 = 12 (10-16) 
—- " wee + - 12.6 0.25 166 | 12 (11-13) 
— a ' | + + 12.6 1.25 |- 166 | 12 (7-16) 


* Niacin was added at a level of 1 mg. per 100 gm. of ration. 


the further advantage of increased total protein without disturbance of 
the tryptophane content of the ration, which remained at 108 mg. per 
cent. 

However, the growth results obtained with the rations supplying the 
two levels of protein were quite different than what had been anticipated. 
Growth on the 9 per cent casein diet was surprisingly good regardless of 
the addition of either nicotinic acid or tryptophane, whereas growth on 
the ration containing 6 per cent gelatin in addition to the 9 per cent casein 
was extremely poor. More important, however, is the fact that nicotinic 
acid at a level of 1.5 mg. per cent or tryptophane added at a level of 50 mg. 
per cent counteracted this poor growth in a manner exactly analogous to 
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that experienced with the corn rations. The composition of these rations 
and the others used in the rest of the experiments is shown in Table IT. 
The growth results described above are summarized in Table III, Groups 
1 through 16. 

Inasmuch as the kind of carbohydrate employed in the corn rations had 
markedly influenced the extent of the growth depression on the corn rations, 
attempts were made to see whether the same carbohydrate effects could 
be observed when non-corn rations were employed. It is evident (Table 
III, Groups 8, 11, and 14) that dextrin, glucose, or corn-starch did not 
have as marked an influence in counteracting the growth depression re- 
sulting from the casein-gelatin diet as they had in the previous corn- 
supplemented rations (3). This might be due to the slightly lower trypto- 
phane content of the present rations. 

Previous results with a wheat gluten-gelatin ration (3) had been thought 
to be due at least in part to a concomitant lysine deficiency. However, 
analytical data indicated that the ration also supplied inadequate amounts 
of other amino acids. To overcome these possible deficiencies, acid- 
hydrolyzed fibrin prepared according to the method of Berg and Rose (6) 
was added to the wheat gluten basal ration at a level of 2 per cent. It 
will be noted that this preparation did not increase the tryptophane content 
of the ration because of the destruction of this amino acid during acid 
hydrolysis. Lysine was also added as indicated to bring the level of this 
amino acid to 1 per cent of the ration. As was the case with casein and 
gelatin, the addition of 2 per cent acid-hydrolyzed fibrin resulted in growth 
retardation, which was in this case partially corrected by lysine but com- 
pletely so by either nicotinic acid or tryptophane (see Table ITT, Groups 
17 through 22). When gelatin at levels of 6 or 10 per cent was added to 
the wheat gluten ration in addition to 2 per cent acid-hydrolyzed fibrin, 
the growth depression was additive and was corrected by tryptophane or 
nicotinic acid, whereas lysine was ineffective (Table III, Groups 23 through 
28). It appears that somewhat higher levels of tryptophane would be 
required to overcome the combined deleterious effect of 10 per cent gelatin 
and 2 per cent fibrin hydrolysate. 

In a simultaneous experiment acid-hydrolyzed fibrin was added at a 
level of 2 per cent to the 9 per cent casein ration in an attempt to supply 
more nearly adequate amounts of the essential amino acids lysine, his- 
tidine, and threonine, but again very poor growth was obtained. The 
addition of more histidine and lysine did not improve growth and not 
until either nicotinic acid or tryptophane was added did good growth 
result (see Table III, Groups 29 through 33). The further addition of 
either 3 or 6 per cent gelatin to this basal ration gave evidence of an addi- 
tive growth-retarding action inasmuch as nicotinic acid did not correct 
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Taste III 
Growth Results on Various Diets 


Added Added Gain per wk. for 
4 





_ |Table iD Diet niacin® | ee wks. (range) 
gm. 
1 | 1 Sucrose, casein 15 (12-16) 
2 2 | Dextrin <3 23 (20-28) 
3 3 | Glucose, 21 (19-23) 
4 4 | Corn-starch, ca_ein 26 (24-29) 
5 5 | Sucrose, casein, gelatin 3 (2-5) 
6 5 - = 9 | + 18 (16-21) 
7 5 | “ eo si | + | 24 (21-28) 
8 6 | Dextrin, «“ _ 10 (8-14) 
9 6 “ “ “ + | 24 (21-29) 
10 6 “ " “s | + | 21 (20-30) 
ll | 7 Glucose, “‘ " | 11 (7-14) 
12 | 7 ” = ny | + | | 21 (19-23) 
13 7 = 7 = + | 20 (19-20) 
14 | 8 Corn-starch, casein, gelatin /10 (8-11) 
15 S ~ - - + | 20 (18-22) 
16 8 | “ ss | + | 22 (20-24) 
17 | 9 | Sucrose, wheat gluten, lysine | 17 (15-18) 
oe he. ae pe. “ “ we 16 (15-17) 
19 10 5 ” " fibrin | 4 (3- 5) 
2 | 10 . ” " ‘* — Jysine 14 (13-15) 
21 | 10 “ ~~ 9 os + | | 20 (17-24) 
22 | 10 oe s ‘a o “ | + | 21 (19-23) 
233 | «#11 = ” - ‘* gelatin, 6 (5 7) 
| lysine | 
24 | ” i lr +- | | 18 (16-20) 
Ss } i - “ | + | 23 (20-25) 
26 | 12 a : 5 (4 5) 
eon. we . ta + | 20 (14-24) 
23 | 12 “ ne | | + | 14 (12-16) 
29 | 1. | Sucrose, casein, lysine, histidine 20 (16-24) 
30 13 " «fibrin 2 (2- 3) 
31 13 “ 6 ‘* lysine, histidine | t (3- 6) 
32 | 13 “ “  * “ + | 20 (13-26) 
3 i is = - 7 a sic | + 22 (20-24) 
34 | 14 “ ” ** gelatin, lysine, | 3 (2-5) 
histidine 

35 | 14 ' 5 + | 18 (16-19) 
3; uM OY as 26 (22-29) 
37 15 : " 5 (3- 5) 
3 | 15 “ + | 15 (14-17) 
39 15 _ + | 22 (21-23) 
40 | 15 “ "8 | + | 24 (22-27) 
41 16 Sucrose, casein, zein, lysine, histidine 3 (2-5) 
42 | 16 “ ee “ » | 22 (21-24) 
4, oa e ae as vo 6 | + | 23 (20-25) 
4 | #17 Dextrin, ” = ma 12 (8-16) 
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Tasie IlI—Concluded 
Lysine and histidine refer to /(+)-lysine and 1(—)-histidine respectively, which 
were added as the hydrochlorides in such amounts as to supply the minimum require- 
ment of each; 7.e., 1.0 and 0.4 per cent respectively. Fibrin refers to fibrin hydrol- 


ysate. 
* Niacin added at a level of 1.5 mg. per cent. 
t Tryptophane added at a level of 50 mg. per cent except for Group 40 for which 


the level was 100 mg. per cent. 


this growth depression as adequately as before and since larger amounts 
of tryptophane seemed to give somewhat better growth (see Table ITI, 
Groups 34 through 40). 

Although the 17 per cent wheat gluten rations contain a little more 
tryptophane than the 9 per cent casein ration, t.e. 120 and 108 mg. per 
cent respectively, results obtained with these two proteins plus trypto- 
phane-free proteins were remarkably comparable. 

From the above results it is quite clear that rations which are deficient 
in nicotinic acid and marginal in their tryptophane content are inadequate 
for good rat growth. 

Since this is the condition that prevails in corn-supplemented rations, 
the effect of zein, the principal protein in corn, was tested by adding it 
at a level of 3 per cent to a 9 per cent casein ration at the expense of car- 
bohydrate. (This level of zein is about that contained in the corn-supple- 
mented ration.) The very poor growth obtained with zein (Table III, 
Group 41) unless nicotinic acid or tryptophane is added (Table III, Groups 
42 and 43) extends the observations made with gelatin and acid-hydrolyzed 
fibrin and indicates quite strongly that the deleterious action of corn in 
creating a nicotinic acid deficiency or increased tryptophane requirement 
in the rat is intimately related to the protein or more correctly to the 
distribution of the a-amino acids in the protein of this cereal. 


DISCUSSION 


7 
The addition of corn grits to diets containing fibrin and egg albumin 
reduced the protein level from 15 to 12.6 per cent and caused a very slight 
decrease in the growth of rats. This decrease, however, was not rrevented 
by nicotinic acid, and cannot be compared to the drastic growth retardation 
which prevails when casein is used at comparable levels. The protective 
action of fibrin and 15 per cent egg albumin can be attributed to their 
respective tryptophane contents. Growth on the 10 per cent egg albumin 
ration was quite poor and consequently little can be said concerning the 
effect of corn grits. 
The present observations confirm the findings of Hegsted et ai. (7) that 
the tryptophane requirement of the growing rat under normal conditions 
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is considerably less than the level of 0.2 per cent set by Rose (8). Jj 
should be noted, however, that the diet used by Rose in establishing this 
level was a relatively high fat, high calorie diet, while the diets employed 
here are low in fat. That the definition of normal c@nditions can be some- 
what ambiguous is exemplified by the above results in which the trypto- 
phane requirement of the rat on a nicotinic acid-free diet was increased 
from about 0.1 per cent or less of the ration to about 0.15 per cent simply 
by increasing the concentration of total protein. The use of dextrin in 
place of sucrose apparently decreases the tryptophane requirement. Since 
the rat does not require a dietary source of nicotinic acid, the use of the 
ration free of this vitamin could not be considered abnormal. 

Although the growth-inhibiting effect of corn can be attributed to the 
character of the protein which it contains, the solution of the problem of 
why an increased concentration of certain amino acids on a nicotinic acid- 
low diet gives poor growth and precipitates an increased need for trypto- 
phane remains to be answered. 

Of considerable interest is the finding by Martin (9) that 2 per cent 
succinylsulfathiazole in diets containing casein, enzymatic casein digest, 
or a mixture of ten essential amino acids respectively resulted in great 
weight loss and death when the ten essential amino acids were the source 
of nitrogen. Growth on the other two diets was not markedly affected. 
Martin interprets these results by suggesting that intestinal bacteria must 
synthesize amino acids essential to the host which are not present in the 
mixture of the ten known essential amino acids. 

If it is true that intestinal bacteria play a réle in the synthesis of trypto- 
phane, then it is reasonable to think that the intestinal flora could be so 
altered in its synthetic capacity as to be reflected in an increased dietary 
requirement. The presence or absence of nicotinic acid could be influen- 
tial in such an alteration. It is possible too that the bacterial flora under 
certain conditions destroys or prevents the utilization of tryptophane, there- 
by incgeasing the dietary requirement from about 0.1 per cent to about 
0.15 per cent. 

Hier et al. (10) reported a failure to realize optimum growth with gelatin 
supplemented with essential amino acids in which gelatin is lacking. This 
growth failure was attributed to the toxicity of certain specific amino 
acids. Gelatin as a substitute for plasma proteins has been shown-to have 
a limited ability to contribute to the synthesis of plasma protein and hemo- 
globin in dogs and toxicities are evident on prolonged administration (11). 

A direct toxicity would hardly explain the present results, since good 
growth can be obtained when relatively small amounts of tryptophane and 
nicotinic acid are added to the ration. 

The present findings suggest that the effectiveness of synthetic mixtures 
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of amino acids or protein digests might be impaired if precautions are not 
taken to supply adequate amounts of tryptophane and _ nicotinic acid. 
It is also suggested that the usuaily effective supplemental action of certain 
proteins may be thwarted under conditions of nicotinic acid deficiency. 


SUMMARY 


The deleterious action of corn grits in a synthetic diet was prevented 
when fibrin, egg albumin, or soy bean globulin was used in place of casein. 
This protection is attributed directly to the more adequate amount of 
tryptophane supplied by these proteins. 

A syndrome analogous to that produced by corn was duplicated with 
non-corn-containing rations by adding tryptophane-free proteins or an 
acid-hydrolyzed protein to nicotinic acid-low rations which also contained 
marginal amounts of tryptophane. In a similar manner the growth- 
inhibiting effect of corn was shown to be related to the nature of its protein. 

Possible explanations of these observations are discussed. 
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THE ISOLATION AND IDENTIFICATION OF A NATURAL 
PRECURSOR OF CHOLINE 


By N. H. HOROWITZ 


(From the School of Biological Sciences, Stanford University, California) 
(Received for publication, December 13, 1945) 


Previous papers (1, 2) have described two artificially produced choline- 
requiring mutants of Neurospora crassa. These mutants are designated 
as strain 34486, or cholineless-1, and strain 47904, or cholineless-2. Each 
strain carries a mutation of a different single gene concerned with the syn- 
thesis of choline. ‘The effect of the mutations is a complete (strain 34486) 
or partial (strain 47904) failure in the ability of the mutants to synthesize 
choline. No, or little, growth takes place on an unsupplemented basal 
medium, but both strains attain a growth rate comparable to that of the 
wild type in choline-supplemented media. In addition to choline, a number 
of choline analogues are active in promoting growth of the mutants (2). 

In the preceding paper (2) the accumulation in cultures of cholineless-2 
of a substance which promotes the growth of cholineless-1 was reported. 
Growth curves obtained with choline-free concentrates of the substance 
resembled those given by monomethylaminoethanol. Because of the 
failure to obtain an active picrolonate or chloroplatinate from the con- 
centrates, however, it was tentatively co~ cluded that the substance is not 
identical with monomethylaminoethana. The isolation and identification 
of the factor have now been completed, and the previous conclusion has been 
found to be erroneous. The substance is, in fact, N-monomethylamino- 
ethanol, CH;sNHCH.CH,OH. The eailicr failure to obtain active precipi- 
tates with picrolonic and chloroplatinic acids was in all probability due to 
interfering impurities in the original concentrates. 

The accumulation of monomethylaminoethanol by strain 47904 is evi- 
dently the consequence of a block which prevents its normal conversion 
to choline and indicates that this substance is an intermediate in the synthe- 
sis of choline by Neurospora. The fact that monomethylaminoethanol can 
replace choline for strain 34486 but not for strain 47904 is consistent with 
this interpretation and proves that the synthesis is blocked at different 
stages in the two mutants. The results thus support the hypothesis that 
a 1:1 correspondence exists between genes and biochemical reactions (3). 





EXPERIMENTAL 


Methods—The basal medium used in these experiments was that pre- 
viously described (1). Unless otherwise indicated, growth studies were 
413 
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carried out in 125 ml. Erlenmeyer flasks containing 20 ml. of medium. The 
incubation period was 72 hours at 25°, following which the mycelium was 
dried and weighed. For further details see the paper of Horowitz and 
Beadle (1). 

Accumulation of Precursor—The production of the active substance by 
strain 47904 can be demonstrated by adding a few ml. of medium on which 
this strain has grown to a larger quantity of the basal (choline-free) medium, 
sterilizing, and inoculating with strain 34486. The growth which results 
indicates the presence of the choline precursor. In this test, advantage 
is taken of the fact that strain 34486 is one-fifth to one-tenth as sensitive 

















Sr 330 
47904 

125r = 725 

100- +420 
= = 
Soe ra 
575 Sy 
be 
$ S 

a "0 

25r 45 

l - 1 l i 
0 3 6 9 12 15 DAYS 





Fic. 1. Accumulation of choline precursor in cultures of strain 47904. Open 
circles, growth of strain 47904 with time; solid circles, increase of precursor with time, 
as measured by 72 hour growth of strain 34486. For further description see the text. 


to choline as is strain 47904. By proper adjustment of the concentration of 
choline in the medium used for growing strain 47904, the amount of choline 
subsequently carried over in the test sample can be made negligible in 
terms of growth activity for strain 34486. 

Filtrates of the medium in which strain 34486 has grown show no activity 
for strain 47904 beyond what may be expected from the choline carried 
over. 

The increase of the active material with time is shown in Fig. 1. In 
this experiment, strain 47904 was inoculated into 250 ml. Erlenmeyer 
flasks containing 25 ml. of basal medium plus 1 y of choline. The flasks 
were incubated at 25°, and the mold was harvested at the indicated time 
intervals, dried, and weighed. The filtrates were tested for active material. 
5 ml. of filtrate were added to 20 ml. of the basal medium, autoclaved, and 
inoculated with strain 34486. After 72 hours incubation at 25°, the mold 
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was harvested, dried, and weighed. Fig. 1 shows the growth of strain 
47904 with time, together with the increase in activity of the filtrate as 
measured by the growth of strain 34486. It will be noted that no activity 
was observed in the filtrate before 7 days. This apparent lag reflects the 
limit of sensitivity of the test method as well as the fact, established in 
later experiments, that the active material is more highly concentrated in 
the mold than in the medium. The findings suggest that an intracellular 
threshold may exist for the substance, below which no appreciable spilling 


TaBLe I 


Procedure for Isolation of Monomethylaminoethanol from Neurospora 


Treatment Active fraction 


Mycelium homogenized with water in Waring blendor, ex- Filtrate 
tracted with boiling water; filtered 

Filtrate concentrated under reduced pressure, poured into 5 
volumes methanol; chilled in refrigerator; ppt. filtered off | 

Filtrate concentrated to about 100 ml., 1 volume saturated 
aqueous Reinecke salt added; chilled in refrigerator; | 
filtered 

Excess reineckate ion pptd. from filtrate with silver nitrate ; 
filtered 

Filtrate brought to pH 10 with NaOH, distilled under re- 
duced pressure until ammonia-free (Nessler’s test); made 
2n in NaOH, extracted with 1 volume H,O-saturated 
butyl aleohol on mechanical shaker; butyl alcohol extrac- 
tion repeated 7 times 

Butyl alcohol extract distilled under reduced pressure (38 | Distillate 
mm: Hg) 

Distillate extracted with dilute HCI 

Aqueous phase concentrated to few ml., made strongly alka- | 
line with KOH, distilled under reduced pressure 

Alkaline distillate brought to pH 6.5 with saturated alco- | Yellow needles 

holic picrolonic acid; solvents distilled off ; residue recrys- 

tallized 3 times from absoluge alcohol | 


“ec 


Butyl alcohol phase 


Aqueous phase 
Distillate 





over into the medium occurs. The decrease in dry weight of strain 47904 
after 13 days incubation is probably due to autolysis following exhaustion 
of the medium, a phenomenon which is regularly observed in old cultures of 
Neurospora. 

Isolation of Monomethylaminoethanol—F¥or the isolation of the active 
factor, strain 47904 was grown in 5 gallon Pyrex carboys containing 16 
liters of basal medium plus 2 mg. of choline chloride. The carboys were 
incubated at 25° under forced aeration (10 liters of air per carboy per min- 
ute). At the end of 10 days the mold was filtered off through cheese-cloth 
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and excess medium squeezed out. 400 to 500 gm. of moist mycelium were 
usually obtained from each carboy. With the growth of strain 34486 as 
an indicator of the active substance, the mycelium was fractionated by 
the procedure shown in Table I. The substance can be isolated from the 
medium by essentially the same procedure, but in this case the yield per 
carboy is less than 25 per cent that obtained when the mycelium is used as 
the starting material. 

The active factor was isolated in the form of its picrolonate, crystallizing 
as yellow needles from alcohol; m.p. 225-226° (uncorrected) with decom. 
position. Yield, 300 mg. per kilo of moist mold. Elementary analysis 
showed the following. 


C;HgNO-C,oHsN.O;s. Calculated. C 46.00, H 5.05, N 20.65 
Found. “45.94, “5.28, “* 20.45 


The melting point of synthetic monomethylaminoethanol picrolonate was 
found to be identical with that of the isolated material. The mixed melting 
point showed no depression. The observed melting point,is considerably 
below the value of 239° reported by Matthes (4), but repeated recrystal- 
lization of both the synthetic and natural substances has failed to raise 
their melting points above 226°. 

The biological activities of the natural and synthetic compounds were 
found to be the same. Both are inactive for strain 47904, which produces 
the substance, and are equally active, within the limits of experimental error, 
for strain 34486 (Fig. 2). The data of Fig. 2 were obtained with the un- 
decomposed picrolonates. Separate experiments have shown that the 
picrolonate ion has no effect on the growth of the mutants in the con- 
centrations used here. 

The finding that monomethylaminoethanol recrystallized through the 
picrolonate is inactive for strain 47904 corrects a previous report (2) that 
monomethylaminoethanol has activity for this mutant. The earlier finding 
apparently resulted from the presence of a small amount of active impurity 
in the sample of the free base used in the experiments. This sample, b.p. 
158-159°, was prepared from commercial reagents by the method of Knorr 
and Matthes (5). 

The presence of an impurity in the sample was first suspected following 
the isolation from strain 47904 of the natural substance in the form of its 
mercuric chloride double salt. This salt was the first crystalline derivative 
of the natural precursor to be obtained. On the basis of melting point 
(126°), elementary analysis, and x-ray photographs (kindly taken by 
Professor Linus Pauling and Mr. A. M. Soldat) it was determined that the 
material was monomethylaminoethanol-mercuric chloride double salt. 
However, the biological activity of the natural material for strain 34486 was 





ere 
as 


the 
per 
ing 


Sis 


- 
ng 


il- 


se 


us 


if 2 


“ = cr ty 








N. H. HOROWITZ 417 


only 50 to 60 per cent as great as that of the synthetic substance. In ad- 
dition, the synthetic compound showed some activity for strain 47904, 
while the isolated compound did not. Since recrystallization of the picrol- 
gnates results in compounds with identical activities for strain 34486 and no 
activity for strain 47904, it is concluded that a trace of an active impurity 
was present in the original synthetic material. The identity of the impurity 
is unknown. 

Activity of Dimethylaminoethanoi and Choline—Dimethylaminoethanol 
is equally active for both choiineless mutants in liquid media, while choline 
is 5 to 10 times as active for strain 47904 as for strain 34486 (2). Recrystal- 
lization of dimethylaminoethanol through the picrolonate does not signi- 
ficantly alter its activity for the strains. The high sensitivity to exogenous 
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Fie. 2. Growth of strain 34486 on synthetic monomethylaminoethanol picrolonate 
(open circles) and on the picrolonate of the natural precursor (solid circles). 


choline of strain 47904 is interpreted (2) as due to the incomplete blocking 
of choline synthesis, so that even on an unsupplemented medium slow 
growth of the mutant occurs. This view is corroborated by the results of 
bioassays on the Reinecke salt precipitate obtained from this strain in the 
course of the isolation of monomethylaminoethanol. 

The reineckates obtained during the working up of 2200 gm. (wet weight) 
of the mutant were pooled and extracted with 50 per cent acetone. The 
insoluble portion was discarded. Reineckate ion was removed from the 
extract as silver reineckate, the solvents were removed by distillation, and 
the residue was extracted with alcohol. The insoluble portion was dis- 
carded and the alcohol distilled from the filtrate. The residue was dissolved 
in water and reprecipitated with Reinecke salt. The precipitate was 
washed with water and alcohol and dried, yielding 325 mg. of crude choline 
reineckate. 

The above preparation was assayed against a standard of pure choline 
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reineckate by use of both cholineless mutants. The results of the two | 


assays were in close agreement, 46.4 and 46.5 per cent choline reineckate, 
respectively. Since the sensitivities of the two strains to choline are very 
different, the closeness of the agreement in the two assays is strong evidence 
that choline is the active substance in the Reinecke precipitate. Cal. 
culated as choline chloride, the precipitate contained 49.8 mg. of choline 
chloride. Since a total of only 12 mg. of choline chloride was originally 
added to the medium in which the mutant was grown, this represents q 
t-fold increase in choline content. It is concluded that strain 47904 
synthesizes choline. It may be assumed that the choline isolated represents 
only a fraction of the total synthesized, since little, if any, phosphatidy 
choline would be obtained by the procedure employed. 


DISCUSSION 


The foregoing results indicate that choline synthesis in the two mutants 
is blocked at two different stages. In strain 34486 the block precedes 
monomethylaminoethanol, so that the mutant cannot synthesize this 
intermediate but can utilize it for choline synthesis if an exogenous supply 
is available. If it is assumed that monomethylaminoethanol is synthesized 
from aminoethanol in Neurospora, then the block in strain 34486 occurs 
between these two compounds. This follows from the fact that the mutant 
“annot convert aminoethanol to choline (1). 

In strain 47904 a partial block exists bet ween monomethylaminoethanol 
and choline. This mutant can synthesize monomethylaminoethanol but 
is unable to convert it to choline at the normal rate; as a result, the inter- 
mediate accumulates in the cells and, eventually, in the medium. The 
addition of monomethylaminoethanol to the medium is without effect on 
the growth rate, since the mechanism for converting it to choline is already 
saturated. If it is assumed that dimethylaminoethanol is the intermediate 
between monomethylaminoethanol and choline, then the block in strain 
47904 occurs between mono- and dimethylaminoethanol, since the latter is 
readily utilized for growth. These relations are shown in the accompany- 
ing diagram, where hypothetical intermediates are bracketed; arrows iD- 
dicate the points of blocking. 


(NH.CH,.CH,OH} Aminoethanol 
Strain 34486 ——> | 
CH;NHCH,CH.OH Monomethylaminoethanol 
Strain 47904 —— | 
[CCH ).NCH,CH.OH |} Dimethylaminoethanol 


(CH,);N (OH) CH,CH,OH Choline 





RSs” @& 2 S&S 


a 


cs +. 2 


rme2a2e &e =. 


S?7?T Sse sp Bae & oe 


8S £ 


two 
cate, 


very 
ence 
Cal. 
line 
ally 
its a 


ents 


idy! 


ants 
des 
this 
ply 
ized 
curs 
fant 


anol | 
but 


ter- 


The | 


, ON 


ady 


late | 


rain 
r is 
ny- 


ol 














N. H. HOROWITZ 419 


There is some evidence that the block in strain 47904 also affects the 
conversion of dimethylaminoethanol to choline. When grown on agar, 
strain 47904 does not utilize dimethylaminoethanol as readily as does strain 
34486 (2). In liquid culture, dimethylaminoethanol is equally active for 
both mutants; yet if its rate of conversion to choline were the same in both 
mutants, less should be required to produce maximum growth in strain 
47904 than in strain 34486, since the block in strain 47904 is not complete. 
A possible explanation of these findings rests on the assumption that the 
same enzyme system catalyzes the methylation of both mono- and dimethyl- 
aminoethanol. Any alteration of the enzyme would be reflected in the rates 
of both reactions, though not necessarily to the same extent in both. 


This research was supported by-a grant from the Rockefeller Founda- 
tion. I am indebted to Professor Linus Pauling and Mr. A. M. 
Soldat of the California Institute of Technology for x-ray photographs of 
natural and synthetic monomethylaminoethanol-mercuric chloride double 
salt. Synthetic mono- and dimethylaminoethanol were prepared by Dr. 


David Bonner. 
SUMMARY 


As the result of single gene mutations, strains 34486 and 47904 of Neuro- 
spora crassa have lost the ability, possessed by the wild type, to synthesize 
choline. The synthesis is blocked at different stages in the two mutants, 
as shown by the fact that strain 47904 produces a substance which is in- 
active for itself but which promotes the growth of strain 34486. The sub- 
stance has been isolated from cultures of strain 47904 and identified as 
monomethylaminoethanol. This substance is therefore a normal inter- 
mediate in the synthesis of choline by Neurospora. The block in strain 
34486 precedes monomethylaminoethanol, while the block in strain 47904 
follows it. The results throw light on the biological synthesis of choline 
and support the hypothesis of a simple relationship between genes and 
catalyzed reactions. 
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THE DETERMINATION OF INORGANIC PHOSPHATE IN THE 
PRESENCE OF LABILE PHOSPHATE ESTERS 
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(From the Division of Nutrition and Physiology, The Public Health Research Institute 
of the City of New York, Inc., New York) 


(Received for publication, December 18, 1945) 


Labile phosphate esters such as phosphocreatine, acetyl phosphate, and 
ribose-l-phosphate (1) have assumed great biological importance. These 
esters are so unstable that they are split with great rapidity by the reagents 
commonly used for inorganic phosphate determination. Therefore, the 
usual inorganic phosphate measurements in tissue extracts, etc., actually 
represent the sum of the inorganic phosphate and the phosphate of these 
labile esters. In order to determine the labile esters it has usually been 
necessary to perform a prior removal of inorganic phosphate by precipita- 
tion (2). By working very rapidly, Fiske and Subbarow (3) were able to 
measure inorganic phosphate in the presence of phosphocreatine, but, due to 
the speed of the reaction, this procedure has been difficult to use. The 
detection and determination of such esters would become very simple if it 
were possible to determine inorganic phosphate in their presence, since the 
labile phosphate could then be measured by the inorganic phosphate liber- 
ated as the result of very mild hydrolysis. 

It has been found possible to establish conditions under which inorganic 
phosphate can readily be determined in the presence of labile esters. In 
addition to describing the procedure, data are presented as to the speed of 
hydrolysis of several of the labile esters under the prescribed conditions. 


Method and Procedure 


_ Phosphomolybdic acid is much more readily reduced to blue molybdous 
compounds than is molybdic acid itself. This fact is the basis of most 
colorimetric methods for inorganic phosphate. In the well known Fiske 
and Subbarow procedure (4) this reduction is effected in 0.5 N sulfuric acid 
by means of bisulfite with 1,4-aminonaphtholsulfonic acid as a catalyst. 
In the present determination the following changes from the original Fiske 
and Subbarow procedure are made. The pH is shifted from 0.65 to 4.0, 
the molybdate concentration is reduced from 0.25 per cent to 0.1 per cent, 
and ascorbic acid is substituted for the original mixture of bisulfite and 
1,4-aminonaphtholsulfonic acid. Under these conditions the labile esters 
are much more stable than with the reagents prescribed by Fiske and Sub- 
barow. The use of ascorbic acid as a reducing agent in the determination 
of phosphate, but at a strongly acid pH, has been previously described (5). 
421 
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The sample to be analyzed is deproteinized under conditions which wil] 
not hydrolyze the particular ester; ¢.g., ice-cold 0.3 ~ (5 per cent) trichloro- 
acetic acid or 0.3 N (3 per cent) perchloric acid, or, particularly with very 
labile esters, saturated ammonium sulfate which is 0.1 N in acetic acid and 
().025 N in sodium acetate (pH 4). If either of the acid precipitants is used, 
the extracts are rapidly brought to pH 4 to 4.2 by adding 4 volumes of 0.1 y 
sodium acetate. Most of the labile esters are reasonably stable at this pH. 
The extracts are diluted with acetate buffer of pH 4 (0.1 N acetic acid, 0.025 
n sodium acetate) until the inorganic phosphorus is 0.015 to 0.1 mM (0.05 to 
0.3 mg. per cent of P). Ammonium sulfate extracts should be diluted at 
least 5-fold. To each volume of extract is added 0.1 volume of 1 per cent 
ascorbic acid and 0.1 volume of | per cent ammonium molybdate in 0.05 x 
sulfuric acid. Readings are made at 5 and again at 10 minutes after the 
molybdate addition at a wave-length of 700 mu. (Any wave-length be- 
tween 650 and 950 mzy is satisfactory.) Simultaneous readings are made on 
a 0.05 mm standard and a blank, both of the same composition, as far as 
possible, as the unknown. If a difference is observed in the unknown read- 
ings at 5 and at 10 minutes compared to the standard, the values are extra- 
polated to zero time. The ascorbic acid and molybdate may be combined 
before addition but must then be used within 15 minutes. 

In the presence of certain tissue extracts, the reaction is delayed, in 
which case an internal standard must be used. A standard amount of in- 
organic phosphate is added to a duplicate tissue aliquot, and values of the 
unknown are calculated from the difference between the readings of the 
unknown and of the unknown with added phosphate. The inhibitory 
effect may be partially overcome by dilution. For example, in order to 
avoid undue inhibition, brain and muscle extracts should be diluted to a 
volume 150 to 250 times that of the tissue, and liver extracts to a volume 
300 to 500 times that of the original liver. In addition, the molybdate 
concentration may be increased to 0.15 per cent; 7.e., 0.1 volume of 1.5 per 
cent ammonium molybdate in 0.05 N sulfuric acid is added in place of the 
1 per cent solution. This results in an acceleration of color development. 
In studying isolated enzyme systems, this problem of inhibition is ordinarily 
not encountered. 

The ascorbic acid concentration may be increased, if necessary, to accel- 
erate the reaction, but with final concentrations greater than 0.2 to 0.3 per 
cent the readings of the standard increase unduly with time. The final pH 
may be varied, if desired, between 3.5 and 4.2. 


DISCUSSION 


The following observations suggested the possibility that inorganic phos- 
phate might be determined under conditions which would be less likely to 
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hydrolyze labile phosphate esters. As the acidity of a mixture of molybdic 
acid and reducing agent is progressively changed, an interesting phenom- 
enon occurs (Fig. 1). Molybdie acid itself is reduced at intermediate pH 
levels, resulting in a large and progressive blank. With further increase in 
pH, molybdate is no longer reduced; yet phosphomolybdate may still 
undergo reduction. ‘Thus, with aminonaphtholsulfonic acid and bisulfite 
as reducing agents, a large reagent blank is encountered between pH 0.8 
and 1.8, and with the stronger ascorbic acid reducing agent, the reagent 
blank becomes very large between pH 0.9 and 2.8 (Fig. 1). Phosphomolyb- 
date continues to be reduced at a useful rate as far as pH 3.2 with bisulfite, 
and as far as pH 4.6 with ascorbic acid. Therefore, with the Fiske and 
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Fic. 1. Reagent blank values at different pH levels and useful pH ranges with (a) 
ascorbic acid and (b) bisulfite-aminonaphtholsulfonic acid as reducing agents. 


Subbarow reagents, phosphate may be measured between pH 0.4 to 0.7 
and pH 1.8 to 3.2, and with ascorbic acid between pH 0.4 to 0.9 and pH 2.8 
to 4.6 but not at intermediate pH levels. Since acidity accelerates the 
splitting of labile phosphate esters, ascorbic acid with its more nearly 
neutral effective range was chosen. Actually, the less acid pH range with 
ascorbic acid is limited to pH 3.5 to 4.5, since between pH 2.8 and 3.5 color 
continues to develop unduly with time. 

Effect of Ascorbic Acid and Molybdate Concentrations on Color Develop- 
ment—In general, it has been found that the higher the ascorbie acid con- 
centration the more rapid is the reduction of phosphomolybdie acid. If 
the ascorbic acid concentration is too great, the standard continues to 
develop color with time. The concentration recommended, 0.1 per cent, 
is a satisfactory compromise. Decreasing the molybdate concentration 
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tends to slow the rate of color development. Reduction in the concentra- 
tion of molybdate is desirable in order to decrease its catalytic effect jn 
splitting phosphocreatine or acetyl phosphate; however, the concentration 
cannot be reduced much below 0.05 per cent without inordinate decrease 
in the rate of color development. Indeed, if the concentration is much 
below this figure full color is never developed. It is worth noting that if 
ascorbic acid stands with the weak molybdate reagent at pH 4.0 before 
phosphate is added the reagent becomes incapable of developing color 
rapidly and the reaction does not proceed to completion. The mechanism 
of this effect is obscure; it is not due to destruction of ascorbic acid. It is, 
therefore, essential that the ascorbic acid and molybdate are not mixed 
together until just before use. 

The reaction is slower the higher the pH. With 0.25 pér cent molybdate 
the reaction is sufficiently rapid up to pH 4.6. With 0.05 per cent molyb- 
date pH 4.2 is about the practical pH limit. Since change of hydrogen 
ion concentration has less effect in this pH range on the splitting of phos- 
phate esters than the molybdate concentration, it is desirable to work in 
the more acid region with the lowest permissible molybdate concentration. 

The reaction is accelerated by raising the temperature; for example, the 
reaction is essentially complete in 2 minutes at 35° and 6 minutes at 25°. 
At 0° almost no color is produced. 

Disturbing Substances—The following concentrations of added substances 
were found not to cause disturbing change in color development: sodium 
acetate 0.5 mM, sodium sulfate 0.3 M, potassium nitrate 0.3 M, ammonium 
sulfate 0.2 m, sodium chloride 0.15 mM, sodium perchlorate 0.15 m, sodium 
trichloroacetate 0.15 mM, sodium fluoride 0.13 N, glycine 0.02 Mm, sodium 
oxalate or citrate 0.05 m, sodium nitrite 0.004 mM, sodium tungstate 0.004 m, 
and ferric chloride 0.003 m. With larger amounts of many of these sub- 
stances the color development is delayed. This delay can often be over- 
come by increasing the ascorbic acid concentration to 0.2 per cent. Un- 
fortunately, color develops with both arsenate and silicate. Not over 2 mg. 
per cent of arsenate or 0.5 mg. per cent of silicate is tolerable. It is, there- 
fore, necessary to avoid reagents such as sodium hydroxide, which may con- 
tain silicate. In neutralizing acids, sodium acetate is desirable, since it is 
not likely to contain silicate and it buffers the reaction at an appropriate pH. 

Proportionality and Reproducibility—The optical density of solutions 
with different amounts of phosphate is linear from 10 to 75 X 10~* mole per 
liter (0.03 to 0.25 mg. per cent of P). This is equivalent to extinctions 
(optical densities with a 1 em. light path) from 0.05 to 0.35 at 700 mu. The 
reproducibility in the Beckman spectrophotometer is +1 or 2 per cent over 
this range, depending on the concentration. The absorption is essentially 
the same from 700 to 900 my , with a maximum at 860 mx. 
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Effect on Latile Esters—Figs. 2 to 4 illustrate the hydrolytic rates for 
various phosphate esters under different conditions of pH and molybdate 
concentration. ‘The rates were measured at room temperature without 
any attempt at exact temperature control. All of the rates are, of course, 
influenced somewhat by the temperature. The accelerating effect of 
molybdate on the splitting of phosphocreatine and acetyl phosphate has 
been previously observed (2, 4). Phosphocreatine (Fig. 2) is split under 
the conditions described by Fiske and Subbarow for inorganic phosphate 
determination with a half time of about 4 minutes. At pH 4, with 0.25 
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Fig. 2. Splitting of phosphocreatine 


per cent molybdate, the half time is nearly 20 minutes, and with 0.05 per 
cent molybdate at pH 4.0 the half time is about 70 minutes. With acetyl 
phosphate (Fig. 3) in the strong acid reagent the half time of hydrolysis is 
30 or 40 seconds, at pH 4.5 with 0.25 per cent molybdate it is 12 minutes, 
and at pH 4 with 0.05 per cent molybdate it is approximately 90 minutes. 
It would appear that the change in pH affects both esters to about the same 
degree but that molybdate has a greater relative effect on acetyl phosphate 
than on phosphocreatine. 

Ribose-1-phosphate (Fig. 4) has a half time of about 2.5 minutes in the 
Fiske and Subbarow reagents. The hydrolysis is much slower at pH 4.0. 
The half time with 0.25 per cent molybdate appears to be over 3 hours. 
Thus, the change in stability with pH is relatively greater for ribose-1- 
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Fia. 3. Acetyl phosphate splitting 
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Fig. 4. Ribose-1-phosphate splitting 
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phosphate than for phosphocreatine or acetyl phosphate. Dr. H. M. 
Kalckar, in this laboratory, has observed that molybdie acid does not accel- 
erate the splitting of ribose-1-phosphate. 

Representative Tissue Analyses—Rat skeletal muscle and brain were 
analyzed for inorganic phosphorus with both the Fiske and Subbarow 
reagent and the ascorbic acid reagent at pH 4.0. The extracts used were 
prepared with ice-cold ammonium sulfate at pH 4.0 from tissues frozen 
in situ with petroleum ether chilled with solid carbon dioxide. The final 
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Fia. 5. Inorganic phosphate in muscle and brain 


reagent was 0.125 per cent in ammonium molybdate and the final tissue 
dilution was about 500-fold. With both reagents approximately the same 
extrapolated values are obtained for inorganic phosphate. This indicates 
the absence of significant amounts of acetyl phosphate (Fig. 5). With the 
ascorbic acid reagent the change in the inorganic phosphate concentration 
is slow enough to make it easy to obtain the initial inorganic phosphate 


value. 
SUMMARY 


1. A procedure is described for the measurement of inorganic phosphorus 
in the presence of labile phosphate esters. The reaction is based on the re- 
duction of phosphomolybdate by ascorbic acid at pH 4.0. 
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2. Under the reaction conditions the splitting of phosphocreatine, acety} 
phosphate, and ribose-1-phosphate is decreased to 5 per cent or less of the 
rate observed in the presence of the Fiske and Subbarow reagents. This 
makes possible a simple determination of the concentration of such labile 
esters. 

3. There do not appear to be significant amounts of acetyl phosphate iy 
skeletal muscle or brain. 
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A flocculent material, shown to be a protein, spontaneously precipitated 
from the serum of a patient, J. P., at the University of Minnesota Hospitals 
during the course of routine blood studies in vitro. 

The conditions under which a protein spontaneously precipitates from 
serum are uncommon. Records of such conditions are even less frequently 
met with; only some half dozen reports of such cases have been made (1-6). 
Three of these reports were based upon cases in which the serums were ob- 
tained from patients having multiple myeloma. (The precipitated pro- 
teins were not of the Bence-Jones type.) The other three reports described 
the flocculation of protein from serum of humans suffering either from 
chronic rheumatic infectious arthritis and spondylitis, or from liver disease, 
and from dogs infected with kala-azar. 

Because spontaneous precipitation of protein from serum is a rare 
occurrence, it was considered worth while to undertake the isolation and 
determination of the physical and chemical characteristics of the protein 
that precipitated from the serum of the patient J. P. 

Since the clinical aspects of this exceptional case will be reported else- 
where,! suffice it to say that the patient was a 58 year-old white male with 
acro purpura of 9 years duration, chronic glomerulonephritis, and conges- 
tive heart failure. 


Isolation 


A 320 ml. sample of the patient’s blood was allowed to clot at 37° and 
220 ml. of serum were decanted. Upon cooling the serum to 2°, a flocculent 
precipitate formed. This was centrifuged at 0° and the supernatant fluid 
poured off. To the precipitate were added 120 ml. of 0.9 per cent sodium 
chloride. By warming to 37°, all but a minor portion (Fraction A) of the 
substance dissolved. The solution was centrifuged at 37° with the resulting 
removal of the few red cells from the fraction precipitated in the cold. This 
process of purification was repeated three times. In each case a small 
amount of material insoluble at 37° was formed (Fractions B, C, and D).? 


‘To be published by Dr. C. J. Watson. 
? It should be noted that an increased volume of saline did not affect the solu- 


tion of the insoluble portions. 
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When the purified solution was kept overnight at a temperature of 2 
precipitation occurred. The solution was centrifuged at 0°, and 120 ml, of 
water were added to the precipitate. All but a negligible portion dissolved 
at 37°. Precipitation was again effected under the same conditions; pig, 
by cooling at 2° for 12 hours. 

The addition of 120 ml. of water to the precipitate resulted in easy soly. 
tion at room temperature. At this point it was discovered that further 
cooling of the solution at 2°, even over a period of several weeks, did not 
bring about precipitation. By drying aliquot parts of solution at 100° fo 
3 hours and weighing the residue, it was found that the solution, totaling 
180 ml., contained 0.93 per cent of protein. 

Properties 

The solution gave very strong biuret, xanthoproteic, Millon, and Hop. 
kins-Cole reactions. A quantitative colorimetric biuret analysis, with 
purified horse y-pseudoglobulin as a standard, showed that the dry residue 
of the solution was entirely protein. The Molisch, Bial, phosphorus, and 
cholesterol tests were negative. The protein was heat-coagulable. Some 
of the properties of the protein are listed in Table I. 

Absorption Spectrum—The ultraviolet absorption spectrum of the pro- 
tein was determined with a Beckman quartz spectrophotometer with 1 em. 
cuvettes at room temperature. The absorption curve, Fig. 1, resembles 
that of the y-globulins.* The solution had a pH of 5.7. Maximum absorp- 
tion was at 2780 A and minimum absorption at 2505 A. Absorption is 
expressed as Ej;,,. This refers to the optical density of a 1 per cent 
solution in a’ thickness of 1 em. 

Solubnlity—Quantitative determinations of the supernatant solutions in 
the solubility measurements were carried out with a Beckman quartz 
spectrophotometer at 2800 A after dilution to protein concentrations of 5 
to 50 mg. per 100 ml. Known concentrations of the protein were used as 
standards. It was shown by Smith (7) that at 2800 A solutions of pseudo- 
globulins obey the Beer-Lambert law over a wide range of concentrations. 
Fig. 4 shows that the protein under consideration obeyed this law for the 
concentration range employed in this work. Greenberg* has shown that 
salts in low concentration do not affect the extinction values at 2800 A for 
bovine y-pseudoglobulin and that high salt concentrations have only 4 
small effect. 

Equal volumes of varying concentrations of sodium chloride or ammo 
nium sulfate solutions were added with shaking to equal volumes of the 
0.93 per cent protein solution. Thus the final volumes and the total pro 


: Unpublished data. 
* Unpublished data. 
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tein concentrations were the same in all cases. Equilibration was attained 
by allowing the solutions to stand 24 hours at room temperature with 
occasional shaking. she supernatant solutions were analyzed spectro- 
photometrically after centrifugation. 


TABLE [ 


Properties of Protein 


Isoionic point, pH 57 
Kjeldahl nitrogen, “; 15.7 

Mol. wt. 190,000 

Viscosity (0.93°% solution), 9/1» 1.130 

Specific rotation, lal? —66.3 

Mobility (pH 4.7), em. per sec. for 1 volt per em. +3.38 x 1075 

Ultraviolet absorption (pH 5.7), Ejci, 13.3 (2780 A; maximum) 


5.0 (2505 “* minimum) 
Salting-out constants, A, 


(NH,)SO, 2 

NaCl 25-35 
Heat of solution (0.5°Z NaCl), AH, calories 

1-20° 13,300 


26-36° 36, 500 
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Fic. 1. Absorption spectrum of an aqueous protein solution 





The solubility of this protein in solutions of varying ionic strength was 


‘unique (Fig. 2). Although there was not sufficient protein available to 


determine its exact solubility in water, the substance appeared to be 
moderately soluble. The protein was insoluble in 0.04 to 0.16 m (0.23 to 


* The dilute sodium chloride solutions of the protein (below 0.04 m) were apparently 
in a state of true equilibrium. However, at the present time no definite conclusion 
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0.92 per cent) sodium chloride at room temperature. Upon increase of galt 
concentration, the protein went into solution. Whereas saturation with 
sodium chloride did not precipitate the protein, a ‘salt concentration of 
1.3 to 1.4 m (34 per cent) ammonium sulfate resulted in precipitation. 

With approximately 0.06 per cent sodium chloride, precipitation com- 
menced at 2°, compared with 0.23 per cent sodium chloride required for 
precipitation at room temperature. In 0.5 per cent sodium chloride at 
room temperature the protein was soluble on either side of its isoelectric 
point. No precipitate formed in a 0.1 per cent solution of the protein in 
86 per cent ethyl alcohol. 

When the protein was precipitated from solution with 0.5 saturated am- 
monium sulfate or 22 per cent sodium sulfate, it dissolved in distilled water 
but did not precipitate out of dilute sodium chloride solution. 
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Fic. 2. Protein solubility in solutions of varying salt concentrations at 26° 





The fractions that did not redissolve in the purification procedure dis- 
solved in physiological saline solution warmed to 42°. Precipitation oc- 
curred on cooling the solutions. When the precipitates were separated from 
the solutions and resuspended in fresh saline, they dissolved at 37°, as had 
the original material. 

The relation of solubility to temperature (Fig. 3) was determined in a 
manner similar to that employed in the salt solubility studies except that 
the final sodium chloride concentration in every case was 0.5 per cent. 
Temperatures of 2°, 19.7°, 26°, 33°, and 36° were used. Because of the 
greatly increased solubility at the last two temperatures and the scarcity of 





can be made concerning the equilibrium state because sufficient protein was not avail- 
able for further study. It can be seen that if an equilibrium state were not present, 
the increased solubility of the protein could be explained by assuming that the protein 
molecule carries an appreciable electrical charge and remains in solution as a result 
of the repulsive forces between the charged protein molecules. 
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the protein, the values at these points were determined by suspending 
known weights of protein in the sodium chloride solution and slowly warm- 
ing the mixture in a water bath until complete solution occurred. Solubili-* 
ties at the lower temperatures were determined after 24 hour equilibration, 


centrifugation at the same temperature, and analysis of the supernatant 


solutions. 
As is shown in Fig. 3, a 0.93 per cent solution of the protein in distilled 


water showed no precipitate at 2°. However, in 0.085 m (0.5 per cent) 
sodium chloride at that temperature, the protein was almost completely 
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Fig. 3. Relation between solubility and temperature in 0.5 per cent NaCl solution 


insoluble. As the temperature was increased, a marked increase in solu- 
bility occurred. 

Salting-Out Constants—The relationship between the solubility and ionic 
strength can be represented by the equation ((8) p. 604), log S = B — 
K,u, where S = the solubility of the protein in gm. per liter, « = ionic 
strength, K, = the slope of the curve and for a given protein and salt is 
independent of temperature and pH, B = the logarithm of the solubility of 
the protein in solutions of 0 ionic strength and is dependent on temperature 
and pH. For the protein studied here, K, for ammonium sulfate solutions 
= 2.0 and for dilute sodium chloride solutions is somewhere between 25 
and 35. The value of approximately 30 for K, in dilute sodium chloride 
solutions is much greater than any previously calculated salting-out con- 
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stant (8). However, because conditions necessary for ¢quilibrium may not 
have been satisfied, it is possible that the A, calculated for the protein in 
very dilute sodium chloride solutions may not be a true salting-out constant, 

Heat of Solution—The heat of solution of a protein is usually calculated 
((8) p. 587) by determining the solubility, S, of the protein in a particular 
solvent at various temperatures and then using the formula® 


Ss 

Rin -— 

‘ Pe 
SH = 

l ] 

7; 1 


Phase Rule Studies—These studies, carried out by techniques similar to 
those used in the investigation of solubility properties, gave evidence that 
the protein solution might consist of a single component (Fig. 4). For con- 
firmation, the experiment was performed twice. 
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lic. 4. Phase rule studies in 0.5 per cent NaCl at 19.8° (two experiments) 


To varying concentrations of protein solutions were added equal volumes 
of 0.9 per cent sodium chloride solutions, so that the final total volume and 
concentration of sodium chloride were the same. T[quilibration was 
brought about by allowing the mixtures to stand, with occasional shaking, 
for 24 hours in one case and 48 hours in the other. The temperature was 
19.7° for both experiments. Centrifugation was carried out at the same 
temperature. 

Tsoionic Point—The pH of a salt-free 0.93 per cent solution’ of the protein 
as determined by the glass electrode was 5.70. According to Cannan (9) 
this value should be the isoionic point. . 

® Strictly speaking, this is not the heat of solution. If this procedure were used, 
one actually would obtain the value of the average heat absorbed over the tempera- 
ture range 7, to 7; when | mole of protein dissolves in a saturated solution. 

? This socalled ‘‘salt-free solution’’ could have a sodium chloride concentration as 
great as 0.015 m. Nevertheless, this low salt concentration could not affect the 
isoionic point (9). 
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Total Nitrogen—A small portion of the purified protein solution was 
evaporated to dryness. The residue was heated at 100° for 3 hours. Kjel- 
dahl determinations of the total nitrogen content were made on the dried 
sample by a modification of the Cavett method (10). The nitrogen content 
was 15.7 per cent. 

Osmotic Pressure—With the apparatus of Keys and Taylor (11), two 
determinations at 2° of the 0.93 per cent protein solution against water 
showed osmotic activity that corresponded to average molecular weights of 
180,000 and 210,000. These values are to be considered only rough esti- 
mates of the molecular weight. 

Viscosity—An Ostwald viscometer was used in a water bath at 26°. Six 
determinations were made on 8 ml. portions of both protein solutions and 
distilled water. The concentration of protein was 0.93 per cent. Its vis- 
cosity compared to water was 1.130. 





enlinan 
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Kia. 5. Electrophoretic pattern; pH 4.7; 0.1 ionie strength 


Optical Rotation—The optical rotation was carried out on the 0.93 per 
cent protein solution at 26° with a 2.00 dm. tube and a sodium lamp; 
[a] = —66.3°. 

Electrophoretic Pattern and Mobility—The protein migrated with a single 
symmetrically shaped boundary, as is shown in Fig. 5. The electropho- 
retic mobility was determined with a 0.5 per cent protein solution buffered 
to pH 4.7 with acetic acid-sodium acetate at 0.1 ionic strength. In 9000 
seconds the ascending boundary moved a distance of 2.27 em. The mo- 
bility was 3.38 X 10-5 cm. per second for 1 volt per em. 

Stalility—A saturated aqueous solution of the protein appeared to have 
its original solubility characteristics even after standing at room tempera- 
ture for 3 months. 

Crystalline Structure—A 1 ml. solution of 0.5 per cent chloride and 0.465 
per cent protein was warmed to 35° and placed in a thermos flask containing 
water at this temperature. After the flask had remained at room tempera- 
ture for 5 days, particles, which appeared to be doubly refractive, formed. 
Although the crystalline structure could not be made out definitely, it 











436 HOMOMOLECULAR SERUM PROTELN 


appeared to resemble the structure of the particles studied by Holmberg 
and Gronwall (4). 

Wassermann Reaction—Because the serum of Holmberg and Gronwall’s 
patient had given an atypical Wassermann reaction, this test was per- 
formed on the protein and serum of J. P. Both the serum and a 0.93 per 
cent solution of the protein were negative. 


DISCUSSION 


The protein which spontaneously precipitated from the serum of the 
patient J. P. had several unusual properties. With respect to solubility, 
ultraviolet absorption spectrum,’ and nitrogen content (12), it resembled 
the y-globulins. However, this protein, unlike some y-globulins, was solu- 
ble in water but insoluble in dilute salt solutions. Its molecular weight (13) 
and viscosity (14) also seemed greater than those for y-globulins. 

The protein solution finally obtained appeared to be homomolecular. 
As yet no serum globulin preparation has satisfied all of the criteria for 
homogeneity. However, in consideration of the unique properties of this 
protein which made possible the previously described method of isolation, 
electrophoretic pattern, and phase rule studies, it seems probable that the 
solution contained a single protein solute. 

From the available data on similar proteins studied by workers in recent 
years, a comparison of the properties of these substances was made in 
Table II. One characteristic common to all of the proteins reported was 
spontaneous precipitation from serum. Unfortunately, detailed investiga- 
tions of the proteins discovered earlier by other workers were not carried 
out, thus limiting the scope of the comparative analysis made at the present 
time. 

The unique character of the protein from the serum of J. P. resulted in 
part from the unusual solubility properties, as is shown in Fig. 2; viz., the 
protein was soluble in water, insoluble in dilute solutions of electrolytes, 
soluble in more concentrated solutions of. electrolytes, and insoluble in 23 
per cent sodium sulfate or 33 per cent ammonium sulfate. Apparently no 
investigator carrying out similar studies attempted to free the protein solu- 
tion completely from electrolytes and then to determine its solubility in 
water. However, von Bonsdorff, Groth, and Packalen stated that the 
protein studied by them was insoluble in physiological salt solution and 
distilled water but that “the wash water, after repeated washings. . . still 
yielded a relatively strong protein reaction.” This probably means that 
their protein was also soluble in water. 

It is important to remember that once the protein from the serum of J. P. 
was treated with ammonium or sodium sulfate it behaved thereafter as a 
pseudoglobulin, 7.e., it was soluble in water and in dilute salt solutions, thus 
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proving that the addition of these salts was responsible for the change in 
solubility. Consequently, proteins of similar nature should be studied 
before precipitation with ammonium or sodium sulfate. 

Stein and Wertheimer observed that once their protein was treated with 
ammonium or sodium sulfate it lost its ability to precipitate from cooled 
dilute salt solutions; 7.¢., the protein became soluble in water and dilute salt 
solutions. The same workers stated that their protein was “denatured,” 
These solubility changes were unusual, for ordinarily when treated with any 
reagent, proteins become less soluble. A question arises concerning the 
solubility properties of the well established serum globulins. One might 
well ask whether the serum pseudoglobulins would be insoluble in very 
dilute salt solutions if they were prepared by a non-precipitating method, 
such as the Tiselius method. 

Holmberg and Gronwall stated that the protein they studied precipitated 
when the blood samples were exposed to air, but that when the samples were 
kept in an air-tight container no flocculation occurred. This indicates that 
their protein would probably precipitate if carbon dioxide were released 
from the blood and the pH of the solution increased. This protein spon- 
taneously precipitated at room temperature, its solubility appearing to 
depend more on the pH than on the temperature of the solution. 

The protein studied by Wintrobe and Buell likewise precipitated at room 
temperature. Although, in the two cases last mentioned, the proteins pre- 
cipitated at room temperature, in most investigations it was necessary to 
cool the serums before precipitation took place. 

It is a well known fact that pathological serums may contain unusual 
proteins. What is not so well known is that the symptoms of a disease may 
be directly related to the physical properties of an unusual protein,! a pro- 
tein which in the case of the patient J. P. spontaneously precipitated from 
cooled serum. 


SUMMARY 


1. A protein spontaneously precipitated from cooled blood of a patient 
having acro purpura, chronic glomerulonephritis, and congestive heart 
failure. 

2. The protein was isolated in pure form by separating serum from blood 
clotted at 37° and then cooling the serum. The precipitate from the cooled 
serum was redissolved and reprecipitated from physiological saline solutions 
several times. 

3. The increased solubility of this protein in 0.2 m sodium chloride and 
its salting-out curve with ammonium sulfate at room temperature were 
characteristic of y-euglobulins. However, this protein was also soluble in 
distilled water. 
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4. The method of isolation, the electrophoretic pattern, and the phase 
rule studies indicated that the purified protein preparation probably was 


homogeneous. 
5. The protein was compared with similar substances described in reports 


of other investigations and was shown to have some unique characteristics. 
One property common to all of the proteins compared was their spontaneous 
precipitation from serum (usually cooled). 


We wish to express our sincere appreciation to Dr. C. J. Watson for 
making possible this study through his keen interest in the problem. We 
should like to thank Dr. D. R. Briggs for carrying out the Tiselius studies 
and Dr. C. P. Barnum for the use of his laboratory in which the work was 
accomplished. 
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SYNTHESIS OF CHOLESTEROL IN SURVIVING LIVER* 
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The surviving tissue slice technique has become one, of the principal 
methods for studying the chemical reactions of the living cell. The tissue 
slice experiment in general consists in the, addition to the slices suspended 
in an aqueous buffer of some suspected metabolite and measurement of the 
rate of change of concentration of the compound or of some chemically 
related compound. The tissue slice itself does not seem to enter into the 
chemical reactions, behaving more as if it were an inert framework to which 
enzymes and their coenzymes are attached. It has never been possible for 
example to demonstrate the synthesis of any structural component of the 
tissue slice. Further, this technique is limited to the study of compounds 
soluble in the buffer. The demonstration of biological reactions in surviv- 
ing tissues has been most successful with freely diffusible small molecular 
substances as substrates. The majority of the processes studied in vitro 
have been of the nature of degradative reactions. When synthesis of car- 
bon-carbon linkages could be demonstrated, the number of carbon atoms 
involved has been small. 

The rates at which tissue constituents are regenerated by synthesis in the 
intact animal vary widely. It is conceivable that a biochemical process 
which is slow in vivo may escape detection in vitro, because too little of the 
reaction product accumulates during the relatively short period of tissue 
survival. Further, even if a reaction is sufficiently rapid, its occurrence 
may be obscured if the reaction product is metabolized faster or at the same 
rate at which it is formed. In such a case the concentration of the metabo- 
lite will decrease or remain unchanged during the experiment, precluding 
detection of the process by quantitative analysis. However, if a substrate 
labeled by an isotopic element is employed, appearance of the isotope in the 
reaction product will be sufficient proof for utilization of the substrate 


* This work was carried out with the aid of grants from the Josiah Macy, Jr., Foun- 
dation and from the Nutrition Foundation, Inc. 

' An apparent exception is the demonstration of the formation of radioactive lipids 
after incubation of liver slices with radioactive phosphate (1). Other such examples 
might be found but in these cases we are apparently dealing with small changes on the 
periphery of a large molecule. These reactions do not involve the formation of car- 
bon to carbon linkages. 
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irrespective of whether or not the quantity of the product underwent g 
change. 

Synthesis of cholesterol in the intact animal has been demonstrated by 
enriching the body fluids with heavy water (2) and by administration of 
labeled acetic acid (3). In both cases isotopic cholesterol is formed. The 
rate at which isotope is incorporated into the cholesterol molecule indicated 
that regeneration of cholesterol is slow compared to that of other tissue 
constituents such as glycogen, fatty acids, and amino acids. It can be 
estimated that in the liver of the rat half of the cholesterol molecules are 
replaced by newly formed cholesterol in 5 to 10 days. If cholesterol were 
synthesized as rapidly in surviving liver as in the living rat, the cholesterol 
concentration could not change by more than a few per cent during the 
period of incubation. The experiments of Sperry et al. (4) and those of 
Moulder and Evans? indicate that on incubation of rat liver slices either 
without added substrate or in the presence of acetate no significant change 
occurs in the amount of cholesterol. 

We have followed cholesterol synthesis in surviving rat liver by adding 
either heavy water or labeled acetic acid to the buffer fluid. Deuterio 
cholesterol was formed in the presence of either D,O or deuterio acetic acid. 
Incubation with acetic acid containing C™ resulted in the formation of cho- 
lesterol containing heavy carbon. Since acetic acid has been shown to 
participate in the synthesis of the higher fatty acids (5), we have also iso- 
lated the fatty acids from the incubated slices. They contained small but 
significant concentrations of deuterium. 


EXPERIMENTAL 


Deuterio acetic acid was prepared as described previously (3) and con- 
verted into the sodium salt. It contained 59.0 atom per cent excess deute- 
rium. The preparation of acetic acid containing 77 atom per cent excess 
deuterium in the methyl group and 19.6 atom per cent excess C® in the 
carboxyl group has been described previously (5). 

Incubation Experiments—Slices were prepared from the livers of young 
rats (120 to 230 gm.). The tissue was suspended in Krebs’ phosphate 
buffer, pH 7.3, and incubated after addition of either labeled acetic acid or 
D.O for 3 hours at 38°. For each experiment 2 to 3 gm. of liver tissue (wet 
weight) were used. The voh me of buffer varied from 10 to 50 ml. 

Isolation of Cholesterol and Fatty Acids—At the end of the incubation 
period an equal volume of ethanol and sufficient solid KOH to make a 10 
per cent solution were added to the flasks. The mixture was heated under 
a reflux for 5 hours and separated into saponifiable and unsaponifiable 
fractions. From the unsaponifiable fraction cholesterol was precipitated 


2? Private communication from Dr. FE. A. Evans, Jr. 
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as the digitonide. After removal of the unsaponifiable fraction the alkaline 
hydrolysate was acidified and the fatty acids extracted with petroleum 
ether. From 2 to 3 gm. of incubated liver slices there were isolated 4 to 6 
mg. of cholesterol (calculated from the weight of the digitonides) and 50 to 
70 mg. of fatty acids. Deuterium analyses were carried out by an unpub- 
lished micromethod. In most cases the deuterium content of cholesterol 
was obtained by analysis of cholesterol digitonide and multiplying the 
value by 3. 

Incubation of Liver Slices with Na Acetate Containing Deuterium and C*. 
Experiment A—-2.0 gm. of liver slices from rats weighing 220 to 230 gm. were 
incubated aerobically in 20 ml. of phosphate buffer to which had been added 
10 mg. of Na acetate containing 77 atom per cent excess deuterium in the 
methyl group and 19.6 atom per cent excess C™ in the carboxyl group. The 
cholesterol digitonide (20 mg.) obtained was decomposed in the usual 
fashion (6) and the cholesterol recrystallized from 0.5 ml. of acetone. 2.7 
mg., m.p. 146—147°, were obtained, which contained 0.11 atom per cent ex- 
cess deuterium and 0.038 atom per cent excess C™. 

Experiment B—3.0 gm. of liver slices from rats (120 gm.) were incubated 
aerobically in 10 ml. of phosphate buffer to which had been added 20 mg. 
of Na acetate containing 9.8 atom per cent excess C® and 77.0 atom per cent 
excess D. 26.4 mg. of cholesterol digitonide yielded 3.5 mg. of cholesterol, 
m.p. 145-147°. It contained 1.03 atom per cent excess deuterium and 0.40 
atom per cent excess C®, 

Incubation of Organs Other Than Liver—slices from spleen, kidney, testes, 
and intestine of the rat were incubated aerobically in the presence of 20 mg. 
of deuterio acetate containing 59.0 atom per cent excess deuterium. The 
cholesterol digitonides isolated from these organs contained in no case more 
than 0.015 atom per cent excess deuterium. 

DISCUSSION 

In all experiments the appearance of the isotopic label in cholesterol is 
taken as proof for the occurrence of synthesis. The observed process must 
represent synthesis of the carbon skeleton. Not only is deuterio cholesterol 
formed in the presence of heavy water, but the cholesterol isolated after 
incubation with acetic acid containing deuterium in the methyl group and 
C# in the carboxyl group contained both deuterium and C®. 

With the aid of isotopically labeled substances reactions proceeding at 
very slow rates become readily detectable. For example if in one of our 
present experiments the cholesterol isolated after incubation with deuterio 
acetate (59 atom per cent excess deuterium) contains the significant concen- 
tration of 0.10 per cent D, a quantity of cholesterol corresponding to 0.17 
per cent of that originally present must have been newly formed. As the 
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tissue slices used in our experiments contained about 5 mg. of cholesterol, 
the above figure corresponds to a synthesis of 8 to 10 y. 

From the data presented in Table I it is clear that aerobic conditions are 
necessary for cholesterol synthesis to occur. It is noteworthy that all in 
vitro reactions so far studied with acetic acid as a substrate seem to require 
the presence of oxygen even if oxygen does not enter into the equation of the 
reaction concerned. This is the case in the formation of acetylsulfanila- 
mide, acetylcholine, acetoacetic acid, and citric acid. Addition of glucose 
was without effect on cholesterol formation, suggesting that intermediates 
of glucose metabolism, if they participate in the process, are present in the 
slice in sufficient quantities. 

Formation of isotopic cholesterol was not observed in disintegrated liver 
tissue such as homogenized liver or hash prepared in the Waring blendor 
(see Table II). It is not surprising that systems in which the structure is 


TABLe I 


Isotope Concentration in Cholesterol and Fatty Acids Isolated from Rat Liver Slices 
Incubated with 150 Mg. of Deuterio Acetate Containing 59.0 Atom Per Cent 
Excess Deuterium 


Time of incubation 3 hours; buffer volume 50 ml. 


Atom per cent excess deuterium 


| 


Cholesterol Fatty acids 
Aerobic and glucose... — rae 0.224 0.015 
- ; / : ree 0.279 0.017 
Nitrogen, glucose : 0.003 0.005 


7 < iy ee | 0.003 0.005 





destroyed cannot synthesize a substance of such complexity as cholesterol, 
for it is probable that many enzyme systems must cooperate in the synthe- 
sis. Since at least some of the intermediates must be almost as non-diffus- 
ible as the end-product, the enzyme systems which are involved in the 
formation of the carbon-carbon linkages as well as those which supply the 
energy for these reactions must be suitably organized in space. 

When the quantities of deuterio acetic acid added to the buffer solution 
were varied from 10 to 150 mg. per 2 gm. of liver slice, no significant change 
in the isotope concentration of cholesterol took place (Table III). Since 
under our conditions the quantities of acetate required must have been of 
the order of 0.5 to 1.0 mg., the substrate added must have been in excess. 


* Anaerobic acetylation of choline (7) and sulfanilamide (8) by acetic acid in the 
presence of adenosine triphosphate has recently been reported. The ATP presum- 
ably supplies the energy required for this coupling. 
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Taste II 


Isotope Concentration in Cholesterol Isolated after Aerobic Incubation of 
Liver Preparations 
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| Acetate Cholesterol, 
| added (9 | Addition atom per cent 
per cent D) deuterium 
a OF Bal We ti 
Homogenate | 150 | 100 mg. glucose 0.006 
“ 150 40 “* ATP* + 85 mg. NaF 0.004 
Pulp (Waring blendor) 150 100 * glucose / 0.009 
ss " " | 35 “ NaF + 40 mg. ATPTt | 0.002 
“ sc “ | 50 40 “ ATP* 0.008 
*ATP = adenosine triphosphate. 
t Added in three portions. 
Tasie III 


Isotope Concentration in Cholesterol Isolated from Liver Slices Incubated Aerobically 
with Varying Amounts of Deuterio Acetate (59.0 Atom Per Cent Excess Deuterium) 


Buffer volume 50 ml. 





Deuterio acetate 








mg. per flask | 
150 0.063 
50 | 0.072 
25 0.075 
10 0.072 


Cholesterol, atom per cent excess deuterium 











TaBLe IV 
Isotope Concentrations in Cholesterol from Liver Slices Incubated Aerobically in 


Phosphate Buffer Containing D;O 











D,O concentration in buffer, atom per cent | Cottons, cto P a cost Sota 
excess deuterium a | derived from D20 eee a 
(A) | (B) | a x 100 uterium 
4 ee 
8.3 C aa. toe 0.028 | 
8.4 | 0.72 8.6 0.055 
11.0 (+20 mg. non-isotopic | 0.55 5.0 0.053 
Na acetate) | 
16.4 1.80 | 11.0 0.180 








As is the case in the intact animal, deuterio cholesterol is formed in a me- 


dium containing heavy water (Table IV). 


ascribed to the uptake of hydrogen from the body fluids in the course of the 


The effect has previously been 
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reduction of the carbonyl groups of acetic acid (3). In the present experi- 
ments, this process occurred in the absence of added non-isotopic acetate as 
well as in its presence, indicating that the slice either contains or produces 
during incubation sufficient quantities of acetic acid. 

While synthesis could be demonstrated qualitatively in every experiment, 
the quantities of isotope incorporated into cholesterol varied appreciably, 
However, in parallel runs in which portions of pooled slices from several rat 
livers were incubated the level of isotope in cholesterol varied but little. 
The optimal conditions for cholesterol synthesis in vitro are still to be 
ascertained. 


TaRLe V 
Atom Per Cent Excess Deuterium in Cholesierol Isolated from Liver Slices of Rats 
Varying in Weight 
Aerobic incubation in phosphate buffer with deuterio acetate containing 59.0 


atom per cent excess deuterium. 


Atom per cent excess deuterium 


Weight of rats Buffer volume ——— 
Cholesterol Fatty acids 

em. mi. 

230 BO 0.09 0.023 
230 DO 0.11 

230 50 0.07 0.001 
230 BO 0.07 

170 50 0.23 

170 50 0.28 

150 20 0.46 

130 20 0.73 0.050 
120 10 1.30 0.045 


The effect has not been investigated systemically, but the data (Table V) 
suggest a correlation between the age of the animals and the isotope con- 
centration in cholesterol. 

Synthesis of Cholesterol in Various Organs—Formation of deuterio choles- 
terol on incubation with isotopic acetate could be demonstrated with liver 
tissue only. But little isotope was introduced into cholesterol when kidney, 
spleen, gastrointestinal tract, or testes, organs from which slices can be 
readily prepared, were incubated under conditions which led to the forma- 
tion of deuterio cholesterol by liver slices (Table VI). These findings do 
not by themselves establish the liver as the sole organ capable of synthesiz- 
ing cholesterol. It can be estimated, however, that the rate at which this 
process occurs in liver in vitro is sufficiently rapid to fulfil the cholesterol 
requirements of the whole rat organism. Further support for the conten- 
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tion that the liver occupies a dominant position as a site of cholesterol 
synthesis can be derived from the finding that the concentrations of deute- 
rium in cholesterol are higher in liver than in some sixteen other organs 
of rats receiving deuterio acetate.‘ 

We have tested the effect of adenosine triphosphate (ATP) on cholesterol 
synthesis in liver slices. As sodium fluoride must be added in order to pre- 
vent rapid destruction of this labile compound, we also tested the effect of 
NaF on this reaction. In a series of experiments in which pooled slices were 
employed it was found that the addition of 35 mg. of NaF lowered the 
deuterium concentration from 0.73 to 0.13 atom per cent excess. A similar 
depression of isotope concentration (0.08 atom per cent excess) was observed 
when 40 mg. of ATP plus 35 mg. of NaF were added to the medium. No 
decision can be made on the basis of these results as to whether ATP is 

guvolved in this reaction, since fluoride alone inhibits the system. ATP 


Tasie VI 
Isotope Concentration in Cholesterol Isolated from Slices of Various Rat Organs 


Incubation in phosphate buffer with deuterio acetate containing 59.0 atom per 
cent excess deuterium. 


Atom per cent excess deuterium 








Organ ———-* Geka a 
Experiment 1 Experiment 2 
Liver........ ee | 0.460 0.360 
Gastrointestinal tract Star 0.014 0.042 
Spleen....... pb épehs tenes 0.039 0.012 
See hina el ORs 0.033 0.012 


i i ia cues eee eaten 0.006 


and NaF alone or in combination were without effect on cholesterol synthe- 
sis in preparations of disintegrated liver. 

It has been pointed out that quantitative analysis does not reveal any 
change of the concentration of cholesterol in slices which are incubated 
either with or without added acetic acid. On the other hand, the present 
experiments with heavy water and labeled acetic acid clearly demonstrate 
the occurrence of sterol synthesis under these conditions. These two ap- 
parently contradictory findings may be reconciled by either one of the two 
following assumptions. (1) The total quantity of cholesterol synthesized 
represents an increase in concentration which lies within the limits of error 
of existing methods of analysis. The maximum isotope concentration 
which we have observed in the experiments with acetic acid is equivalent 
to the formation of 4 per cent of the cholesterol originally present, a change 


* Unpublished experiments, K. Bloch and D. Rittenberg. 
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which is not detectable with certainty by quantitative analysis. On the 
other hand, in the experiments which were carried out with buffer contain- 
ing D.O, cholesterol contained 5 to 11 per cent of the maximum deuterium 
concentration, and if the latter values were actually due to an increase in 
the concentration of cholesterol, the change should be detectable by quan- 
titative analysis. (2) Our data may relate to a process involving choles- 
terol synthesis without change in the total quantity of this substance. If 
an amount of cholesterol equivalent to that synthesized simultaneously 
undergoes chemical alteration, the constancy of the cholesterol content of 
the liver tissue would merely reflect the dynamic equilibrium which is 
known to exist in the intact animal. 

The fatty acids isolated from the incubated liver slices contained consid- 
erably lower isotope concentrations than the cholesterol formed under the 
same conditions (Tables I, IV, and V). However, in the intact animal, 
fatty acids are synthesized more rapidly than cholesterol, as is evident fro 
the much higher isotope concentrations in the fatty acids of animals whose 
body fluids are enriched with heav¥ water or which receive acetic acid con- 
taining C“. In the in vitro experiments with liver slices, conditions appear 
to be far more favorable for the synthesis of cholesterol than for that of fatty 
acids. It cannot even be decided whether the observed uptake of isotope 
in the fatty acids results from synthesis of the carbon chain, or whether it is 
due merely to hydrogenation of unsaturated acids. 


SUMMARY 

1. Slices of rat liver were incubated aerobically in phosphate buffer in 
the presence of D,O, deuterio acetate, or acetate containing deuterium in 
the methyl group and C*® in the carboxyl group. ; 

2. The cholesterol isolated from slices incubated with D.O contained 
deuterium, and both deuterium and C" after incubation with isotopic 
acetate, demonstrating the in vitro synthesis of cholesterol. 

3. No synthesis took place under anaerobic conditions, in preparations 
of disintegrated liver, nor in slices of kidney, testes, spleen, or gastrointesti- 
nal tract. 

4. The fatty acids isolated from liver slices in which isotopic cholesterol 
had been formed contained small but significant concentrations of deu- 
terium. 


The authors wish to express their thanks to Dr. D. Nachmansohn for a 
sample of adenosine triphosphate. 


5 The fact that in the intact mouse and rat deuterio acetate gives rise to higher 
isotope concentrations in cholesterol than in the fatty acids, although the latter are 
more rapidly regenerated, may be due to greater loss of carbon-bound deuterium in 
the process of fat synthesis than in the synthesis of cholesterol 
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BIOCHEMICAL TRANSFORMATIONS AS DETERMINED BY 
COMPETITIVE ANALOGUE-METABOLITE 
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(From the Clayton Biochemical Institute and the Department of Chemistry, 
The University of Texas, Austin) 
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Preparation of analogues of metabolites to test their ability to inhibit 
growth of microorganisms has been recognized in recent years as an ap- 
proach to the problem of seeking out new chemotherapeutic agents (1-3). 
Amino acids are among the bacterial growth factors for which antagonistic 
analogues have been prepared. <Antagonisms between ethionine and 
methionine (4, 5), between a-amino-y-methoxybutyric acid and methionine 
(6), between 8-2-thienylalanine and phenylalanine (7), and between either 
3-aminobutyric acid or isoserine and 6-alanine (8) have been reported. 

In the present contribution, dealing with the mechanism of competitive 
inhibition and its utilization in elucidation of biochemical transformations 
in growing organisms, it is proposed that (a) the antibacterial index (see 
Table I) is a function of the inhibited enzyme system which is the limiting 
factor for growth of the organism; (6) upon supplying the product of this 
specific limiting enzyme system to the organism in excess of growth re- 
quirements, the analogue either becomes ineffective as a growth inhibitor 
or affects at higher concentrations another enzyme system, in which case 
a higher antibacterial index, corresponding to this second enzyme system, 
is obtained; (c) precursors of the metabolite may be effective in preventing 
inhibition of growth by the analogue over wide ranges of concentration. 

Applying these proposals to the investigation of the competitive inhibi- 
tion of aspartic acid utilization by dl-‘‘para’’-hydroxyaspartic acid has 
indicated that for Escherichia coli glutamic acid is a limiting precursor of 
aspartic acid (by transamination) and that the 6-alanine moiety of panto- 
thenic acid is a product of aspartic acid metabolism. 

The fundamental new observations upon which the present deductions 
and interpretations rest are as follows: (a) dl-para-Hydroxyaspartic acid 
inhibits the growth of Escherichia coli. This inhibition is completely 
prevented by aspartic acid and is competitive in nature; i.c., a defined 
inhibition occurs at a definite ratio of analogue to aspartic acid. (b) The 
competitive inhibition of growth of Escherichia coli by hydroxyaspartic 
acid is also prevented by glutamic acid over wide ranges of concentration. 
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(c) Pantothenic acid alters the inhibition in a characteristic manner 
namely, that of changing the antibacterial index (9) to a higher value. 
Details of the experiments and interpretations concerning these trans- 
formations and of additional competitive inhibitions are presented below. 


EXPERIMENTAL 
dl-para-H ydroxyaspartic Acid—dl-para-Hydroxyaspartic acid was_pre- 
pared by the method of Dakin (10). Only this isomer was used in the tests 
described in this investigation. 

meso-Diaminosuccinic Acid—The less soluble of the two optically in- 
active forms of diaminosuccinic acid was prepared as described by Lehrfeld 
(11). Work of Farchy and Tafel (12) has indicated that this isomer is 
meso-diaminosuccinic acid. 

Testing Methods—Tests with Leuconostoc mesenteroides were carried out 
as described by Hac and Snell (13) for aspartic acid assay. 

For tests with Escherichia coli, an inorganic salts-glucose medium was 
prepared as follows: NaSO,, anhydrous, 1 gm., NH;Cl 1 gm., K,HPO, 
0.8 gm., MgSO;-7H,O 80 mg., glucose 2 gm., Fe(N Hy)2(SO4)2-6H2O 20 mg., 
and casein, digested with trypsin, 200 y were dissolved in water, diluted to 
100 ec., and filtered. For assays, 5 ec. of this double strength medium were 
added to test materials in 5 cc. of water; the tubes were capped, autoclaved 
10 minutes at 15 pounds steam pressure, and inoculated. Time and 
temperature of incubation are given with Tables I to VI. 

The organism was a strain of Escherichia coli carried in this laboratory 
on yeast extract-glucose agar (1 per cent glucose, | per cent yeast extract, 
and 1.5 per cent agar). Although this strain would not grow initially on 
the inorganic salts-glucose medium, it grew very rapidly on a previously 
described complete medium (14). The organism was adapted to the simple 
medium gradually over a period of several weeks by decreasing the propor- 
tion of this complex medium and increasing the inorganic salts-glucose 
medium which was supplemented with 10 mg. of aspartic acid per 10 ce. 
The organism was then carried by daily transfers on the latter medium 
supplemented with 0.15 cc. of the complete medium per 10 cc. After 16 
to 24 hours growth, the cells were centrifuged, washed once with 10 ce. of 
0.9 per cent sodium chloride, and resuspended in 10 ec. of the saline. One 
drop of a 1:20 dilution of this saline suspension was used to inoculate 
each culture tube. 


Results 


From Table I it is evident that dl-para-hydroxyaspartic acid possessed no 
growth-stimulating properties, but on the contrary was toxic for Escherichia 
coli. The inhibition of growth was prevented by added aspartic acid, 
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and as the amount of aspartic acid was increased, the level of hydroxy- 
aspartic acid necessary to inhibit growth increased. Even large amounts, 
more than | mg. per cc. of the analogue, were not inhibitory in the presence 
of sufficient amounts of aspartic acid. The molar ratio of hydroxyaspartic 
acid to aspartic acid necessary for maximum inhibition (the antibacterial 
index (9)) remained constant at a value of 10 to 15 over a wide range of 
concentrations. As judged from the amount of hydroxyaspartic acid 
required to inhibit growth in the absence of added aspartic acid, the maxi- 


TABLE | 
Growth Inhibition by Hydroxyaspartic Acid* and Its Reversal by l(+)-Aspartic Acid 


Test organism, Escherichia coli; incubated 16 hours at 37-38°. 


(+)-Aspartic | Hydroxyaspartic Galvanometer 1(+)-Aspartic Hydroxyaspartic 


Galvanometer 
acid acid* readingt acid acid | readingt 
¥ per 10 cc. y per 10 cc. y per 10 ce. ¥ per 10 cc. | 
0 0 43.3 100 0 4.0 
0 10 42.5 100 100 37.5 
0 30 36.5 100 300 21.0 
0 50 13.0 100 1,000 10.0 
0 100 4.0 100 2,000 | 3.5 
10 0 42.5 300 0 44.0 
10 30 41.0 300 300 40.0 
10 50 49.0 300 1,000 20.5 
10 100 13.9 300 3,000 10.0 
10 200 4.0 300 5,000 2.0 
30 0 43.7 1000 0 45.0 
30 50 41.0 3000 0 47.7 
30 100 39.0 300 10,000 2.8 
30 200 13.0 1000 10,000 8.5 
30 300 11.5 3000 10,000 | 51.6 
30 500 4.5 | 


Antibacterial index (C;/Cy) = 10 to 15. The antibacterial index (9) is the ratio 
of the concentration of inhibitor (C;) to that of the essential metabolite (Cy) at 
which complete inhibition of the test organisms results. 

*Less soluble racemic isomer designated as dl-para-hydroxyaspartic acid by 
Dakin (10). 
+ A measure of culture turbidity; distilled water reads 0, an opaque object 100. 





mum concentration of aspartic acid which Escherichia coli produced in the 
cell was approximately equivalent to an outside concentration of 10 7 
per 10 cc. of medium. 

Table II shows that Leuconostoc mesenteroides, which requires added 
aspartic acid for growth, not only did not utilize hydroxyaspartic acid in 
place of aspartic acid, but the analogue inhibited competitively the re- 
sponse to aspartic acid. The molar ratio for maximum inhibition was 
60 to 200 for this organism. 
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meso-Diaminosuccinic acid also inhibited growth of Escherichia coli, 
as shown in Table IIT. The inhibition was similar to that obtained with 


TaBe II 
Growth Inhibition by Hydroryaspartic Acid and Its Reversal by 1(+)-Aspartice Acid 


Test organism, Leuconostoc mesenteroides; incubated 72 hours at 30°. 


i(+)-Aspartic acid Hydroxyaspartic acid Galvanometer reading 
y per 5 cc. y per 5 ce. 

0 0 5.0 

0 50 5.5 

0 3,000 +.0 

50 0 51.2 

50 100 50.5 

5O 300 43.0 

50 1,000 25.0 

50 3,000 10.5 

50 10,000 6.0 

500 0 52.9 

500 1,000 50.0 

500 3,000 49.0 

500 10,000 26.2 

Antibacterial index (C;/Cy) = 60 to 200. 


Taser III 
Growth Inhibition by meso-Diaminosuccinic Acid and Its Reversal by 
l(4+-)-Aspartic Acid 


Test organism, Escherichia coli; incubated 18 hours at 38-39°. 


1(+)-Aspartic acid Diaminosuccinic acid ' Galvanometer reading 
y per 10 « ¥y per 10 ce 
0 0 19.8 
0 300 51.0 
0 1000 1.0 
10 0 43.0 
10 300 16.0 
10 L000 37.0 
10 3000 1.0 
30 0 15.0 
30 | 1000 44.0 
30 3000 12.0 
30 5000 4.0 
100 5000 17.0 
300 5000 49.0 


Antibacterial index = 100 to 200. 


hydroxyaspartie acid, but the inhibitor was somewhat less effective (anti- 
bacterial index, 100 to 200). 
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Partial prevention of hydroxyaspartic acid toxicity by pantothenic 
acid, 8-alanine, and asparagine was obtained, as shown in Table IV. At 
low levels of hydroxyaspartic acid, the effectiveness of 1 y of pantothenic 
acid was approximately equivalent to 10 y of aspartic acid in preventing 
the toxicity, but at concentrations above 200 to 300 y of hydroxyaspartic 
acid, pantothenic acid was completely ineffective. 8-Alanine was at least 
as active as aspartic acid in preventing the inhibitory action of hydroxy- 


TaBLe IV 
Comparative Effects of l(+-)-Aspartic Acid, Pantothenic Acid, 8-Alanine, and 
Asparagine on Prevention of Hydroxyaspartic Acid Toxicity 


Test organism, Escherichia coli; incubated 16 hours at 38-39°. 


Galvanometer readings for each reversing agent 


Hydroxyaspartix Mie 
' 1(+)-Aspartic 


acid Pantothenic 


. ork = pe ; B-Alanine,10y Asparagine, 10 
None ac “Ss 7 ace, 09 per ne ioc "aig ba. Y 
7 per 10 cc. 
0 43.5 14.0 15.5 15.0 45.0 
10 12.0 45.5 44.5 HLS 44.8 
30 10.0 13.0 44.0 11.0 43.5 
50 7.0 15.5 15.0 11.8 44.5 
| 
100 3.5 34.0 17.5 30.0 11.5 
200 1.5 S.5 6.0 3.5 6.5 
300 | 2.0 4.0 5.0 3.8 1.0 
1007 per 10cc. | 100yper10cc. | 100yper10cc. | 100¥ per 10cc. 
0 416.0* 47.0 44.8 43.0 44.0 
100 43 .0* 44.0 42.0 39.5 22.0 
300 | 7.5* 7.5 26.0 4.0 | 4.5 
1,000 4.0* 5.0 15.8 4.5 5.0 
2,000 | 4.5 | 
3000 y per 10 cc. | 3000 7 per 10 cc. | 3000 y per 10 cc. | 3000 y per 10 cc. 
0 45.8 {8.5 46.0 48.0 
10, 000 5.0 47.5 5.2 4.0 


* Supplemented with 107 of pantothenic acid per tube. 


aspartic acid below levels of 200 to 300 y per 10 cc. of analogue but was 
completely ineffective at higher concentrations of the inhibitor. As- 
paragine gave similar results but did not appear to be as active as 8-alanine. 

The effect. of added pantothenic acid on the molar ratio of hydroxy- 
aspartic acid to aspartic acid for maximum inhibition is shown in Table V. 
Addition of 5 y of pantothenic acid per 10 cc. resulted in a change of the 
antibacterial index from 3 to 20 in this and similar experiments. The anti- 
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bacterial index determined both with and without added pantothenic 
acid varied with the temperature of incubation. For example, in tests 
with incubation for 16 hours at 37-38° a change of antibacterial index 
from 10 to 30 was obtained on the addition of 5 y of pantothenic acid per 
10 ec. of medium. 

Addition of 50 y of pyridoxamine, 0.1 y of biotin, 5 y of riboflavin, 5 y of 
nicotinic acid, 0.2 y of folic acid, 5 y of thiamine, or 1 y of p-aminobenzoic 


TABLE V 
Effect of Pantothenic Acid on Hydroryaspartic Acid Toxicity 


Test organism, Escherichia coli; incubated 18 hours at 38-39°. 


Galvanometer reading 





Hydroxyaspartic acid 1(+)-Aspartic acid fe ene 
Without pantothenic acid With pantotienic acid, 
¥y per 10 cc > per 10 cc. 

0 0 57.5 58.5 

10 0 30.0 54.5 

30 0 +.0) 28.0 

50 0 10.0 

100 0 4.5 

0 30 50.0 52.0 

30 30 13.0 53.0 

100 30 6.0 51.0 

300 30 4.0 13.5 

500 30 9.0 

1000 30 4.0 

0 100 53.5 52.0 

100 100 19.0 ~ 53.0 

300 100 1.0 39.0 

1000 100 15.0 

2000 100 6.0 

Antibacterial index = 3 without pantothenic acid, 20 with added pantothenic 
acid. 


acid per 10 ec. of medium in place of pantothenic acid did not affect the 
toxicity of hydroxyaspartie acid for Escherichia coll. 

Even though the rate of growth of the organism in a medium supple- 
mented with all the vitamins (except pantothenic acid) in the quantities 
listed above was found to be greater than in a medium supplemented with 
pantothenic acid alone, the antibacterial index determined in the medium 
containing 5 y of pantothenic acid per 10 cc. was found to be 3 to 9 times 
that determined in the medium supplemented with the nutrilite mixture. 
The latter antibacterial index was almost identical with that obtained in 
a medium containing none of these vitamins. 
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The relative ability of aspartic acid and glutamic acid to reverse the 
toxicity of hydroxyaspartic acid is shown in Table VI. Glutamic acid 
and aspartic acid were equally effective except at high concentrations, 
at which glutamic acid began to show decreasing activity. Oxalacetic 
acid, malic acid, succinie acid, and fumaric acid were found in similar tests 
to be completely ineffective in reversing the inhibition. 


TasBie VI 
Reversal of Hydroxryaspartic Acid Tozicity by I(+)-Glutamie Acid 


Test organism, Escherichia coli; incubated 16 hours at 37°. 


Galvanometer readings for reversing agent 
Hydroxyaspartic acid ; leis Maatisinteenite ail coil - 
1(+)-Aspartic acid, 0 y per 10 cc. | 1(+-)-Glutamic acid 


y per 10 cc. 


| 
| 





0 48.0 
30 48.5 
100 8.0 
300 1.0 
30 y per 10 cc 30 y per 10 cc. 
0 47.5 47.3 
100 40.0 43.0 
300 6.0 8.0 
1000 1.0 5.0 
100 y per 10 cc. 100 y per 10 cc. 
0 48.3 47.5 
100 44.5 44.6 
300 21.0 27.3 
1000 1.0 1.0 
300 y per 10 cc. 300 y per 10 cc. 
0 47..0 53.1 
100 46.0 48.4 
300 44.0 37.0 
1000 20.5 6.0 


3000 


1.0 


1.0 


Isoserine, which bears the same structural relationship to hydroxy- 


DISCUSSION 


aspartic acid as §-alanine to aspartic acid, did not inhibit growth 
of Escherichia coli at a concentration of 10 mg. per 10 ce. 


In a number of instances the amount of analogue required to cause 


growth inhibition is in a constant molar ratio to the amount of metabolite 
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present over a wide range of concentration. This is true only when the 
other components of the medium are the same and when the size of inoculum 
and time and temperature of incubation are not allowed to vary. This 
may be interpreted mathematically by assuming that inhibition of growth 
of a microorganism results from competition of the analogue with a me- 
tabolite for a specific enzyme and that the analogue-enzyme complex is 
not capable of carrying out the normal function of the metabolite. 

Competition of an inhibitor (analogue, in our case hydroxyaspartic 
acid), J, with a substrate (metabolite, in our case aspartic acid), S, for an 
enzyme has often been represented by the following equations where P 
represents the praduct and ES and EI represent the enzyme-substrate 
complex and enzyme-inhibitor complex, respectively. 


E+S=>ES~E+P 
E+I=EI 
By mass law, 


[EIIS] _ 
[ES] 


(1) 


8s 


where Kg is the dissociation constant of the enzyme-substrate complex, and 
Pata 
(EV) _ K, (2) 
(ET) 

where A, is the dissociation constant of the enzyme-inhibitor complex. 

By dividing Equation 2 by Equation 1, one obtains 


i K,lED) 
(S] ~ KslES] 





(3) 


If [£,]| represents the total enzyme cgncentration, both free and combined, 
by definition 
[E.) = [FE] + (El) + [BS] (4) 


In application of these equations to inhibition of growth of micro- 
organisms, the following limitations simplify the problem. (1) Under the 
limiting conditions of defined basal medium, size of inoculum, and time 
and temperature of incubation, the total amount of growth of a micro- 
organism is a function of the amount of product (P) formed by the inhibited 
enzyme reaction when this reaction becomes the limiting factor of growth, 
specifically when growth of the organism is being inhibited by the analogue. 
Since the total amount of growth is constant for a defined inhibition, the 
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amount of product (7) formed during the constant time of incubation is 
constant. Since the rate of formation of the product is directly propor- 
tional to [ES] and the time of incubation is constant, then [ES] = Cs, 
a constant concentration of enzyme-substrate complex. (2) For con- 
centrations of substrate and inhibitor approaching that of enzyme satura- 
tion, [£] — 0 and is negligible in comparison with [ZI]. Since [ES] is 
constant and [F] is negligible in comparison with [EJ], by assuming [F,] to 
be constant in the bacterial cell during growth, it is then apparent from 
Equation 4 that [k7] = C,, a constant concentration of enzyme-inhibitor 
complex. ‘The assumption that [#,] is’ constant in the cell during bacterial 
growth has been made by Wyss (15) in applying similar equations to the 
inhibition of growth of Escherichia coli by sulfanilamide to show that the 
inhibition was competitive. Effects of substrates on synthesis and sta- 
bility of enzymes have been noted (16), but, by growing the organism in a 
medium containing the substrate before testing with an inhibitor, these 
effects presumably become negligible. 

Hence, by substitution of Cg, and Cys respectively in Equation 3, we 
obtain Equation 5 which may be applied to the instances under discussion 
[7] K, Cg; " 

* al 2 =aeiey . 





where K is the molar ratio of analogue to metabolite within the bacterial 
cell for a given inhibition. If it is assumed that this concentration ratio 
within the cell is a function of the concentration ratio in the medium, then 
the latter ratio is also constant for a given inhibition. 

If the metabolite, S, is utilized by an organism in several enzyme systems 
to synthesize several products, P;, Ps, P3, ete., then a specific analogue, 
I, may be capable of preventing the conversion of S to one or more of these 
products. If one of these conversions, for example S — P,, is inhibited 
to the largest extent and becomes the limiting factor for growth, Equation 
5 applies to that particular enzyme system, and the K value (becoming 
K, for this particular case) is the molar ratio for a defined inhibition. For 
maximum inhibition, K;, a property of the enzyme effecting the conversion, 
S — P,, would indeed be the antibacterial index. 

_ However, if P: is supplied in excess of growth requirements to the 
organism, the effect of J on the conversion, S — P;, is of no consequence in 
inhibiting the growth of the bacteria. If the analogue cannot combine 
with other enzymes which convert S to P:, Ps, ete., the analogue becomes 
ineffective as a growth inhibitor. But in many cases, the analogue may 
also prevent other reactions, say S — P;, in which case addition of P; in 
excess of growth requirements would not render the analogue ineffective 
as a growth inhibitor, but on the contrary, this second enzyme system, 
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which becomes the limiting process for growth, is affected. Equation 5 
applied to this particular enzyme system would give a higher K value, 
Ks, which would then be the molar ratio for a given inhibition (or in case 
of maximum inhibition, the antibacterial index) of the organism when 
grown in the presence of P;. Thus, addition of the product (or its equiva- 
lent) of an inhibited enzyme system merely necessitates a change in ratio 
of analogue to metabolite sufficient to inhibit the enzyme system with the 
next higher K value in order again to prevent growth of the organism. 

The change in molar ratio for maximum inhibition, the antibacterial 
index, resulting from addition of pantothenic acid (or 8-alanine) to the 
medium is an example of the effect of addition of the product (or its equiva- 
lent) of the inhibited enzyme system to the medium. The inhibited 
enzyme system is no longer indispensable, since the product is already 
present; however, another enzyme system is affected, as is revealed by a 
higher antibacterial index corresponding to this other enzyme system. 

Thus, aspartic acid, aside from its share in the synthesis of proteins, 
has been found to be an intermediate in the biological synthesis by Escher- 
ichia coli of essential metabolites. The functioning of the enzyme system 
which synthesizes the 3-alanine portion of pantothenic acid is blocked by 
hydroxyaspartic acid reacting in competition with aspartic acid. Since 
isoserine, which might have been formed by decarboxylation of hydroxy- 
aspartic acid, was ineffective in inhibiting growth, competition between 
isoserine and §-alanine is eliminated as a possibility ; so, the decarboxylation 
of aspartic acid to 6-alanine is the probable step in the synthesis of panto- 
thenic acid which is blocked. These results do not preclude the possibility 
that the aspartic acid combines with other grotpings such as the pantoyl 
group before decarboxylation. Asparagine is as effective as aspartic acid 
in preventing the toxicity of hydroxyaspartic acid at low concentrations 
but is not converted to any appreciable extent into aspartic acid above a 
definite level of the inhibitor. 

Of growth factors and amino acids studied other than aspartic acid, 
only glutamic acid effectively prevented the toxicity of hydroxyaspartic 
acid over a range of concentrations: Glutamic acid was as effective as 
aspartic acid up to 100 y per 10 ce. of medium. Beyond that the effective- 
ness of glutamic acid decreased and was not enhanced by oxalacetic acid. 
The most logical explanation of this effect is that the transamination re- 
action converting glutamic acid and oxalacetic acid to aspartic acid and 
ketoglutaric acid is dependent upon the amount of glutamic acid available 
and not upon oxalacetic acid which Escherichia coli presumably produces in 
sufficient quantities. The enzyme system may not be capable of converting 
large amounts of glutamic acid to aspartic acid, or large amounts of hydroxy- 
aspartic acid may inhibit the functioning of the enzyme. 
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Lichstein and Cohen (17) have recently shown that Escherichia coli, 
among other organisms, readily converts glutamic acid to aspartic acid by 
the transamination reaction. 

Although resting Escherichia coli cells decompose aspartic acid to fumaric 
acid and ammonia by a reversible process (18), fumaric acid showed no 
ability to reverse hydroxyaspartic acid toxicity on rapidly growing Escher- 
ichia coli. Succinic acid, malic acid, and oxalacetic acid were also ineffec- 
tive. 

This method of investigation has shown promising results in connection 
with the study of other transformations, details of which will be presented 
in forthcoming papers. 


The authors are indebted to Dr. Roger J. Williams for valuable criticisms 
and suggestions. 


SUMMARY 


dl-para-Hydroxyaspartic acid and meso-diaminosuccinic acid have been 
found to inhibit competitively some of the functions of aspartic acid in 
Escherichia coli. Hydroxyaspartic acid also inhibited growth of Leuconos- 
toc mesenteroides which requires aspartic acid for growth. 

The inhibition of growth of Escherichia coli by hydroxyaspartic acid was 
also prevented over wide ranges of concentration by glutamic acid which 
must therefore serve as a precursor of aspartic acid. Pantothenic acid, 
§-alanine, and asparagine were effective in preventing the toxicity of 
hydroxyaspartic acid for EF. coli only at low levels of hydroxyaspartic acid 
concentration. The effect of supplying pantothenic acid in the medium 
raised the antibacterial index to a higher value. A mathematical inter- 
pretation of the antibacterial index is given, and the following conclusions 
are drawn. (1) Aspartic acid is a precursor in the biosynthesis by E. coli 
of the 8-alanine portion of pantothenic acid. (2) 8-Alanine is also used by 
the organism for pantothenic acid synthesis. (3) Under the conditions 
of testing, asparagine is not converted to aspartic acid to any appreciable 
extent when the concentration of hydroxyaspartic acid is above a given 
level. (4) At least one additional biosynthetic transformation involving 
aspartic acid is prevented by sufficient amounts of hydroxyaspartic acid. 
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By WILLIAM SHIVE anp ELIZABETH CUNNINGHAM ROBERTS 


(From the Clayton Biochemical Institute and the Department of Chemistry, 
The University of Teras, Austin) 


(Received for publication, December 21, 1945) 


The effectiveness of p-aminobenzoic acid in preventing the antibacterial 
action of sulfanilamide was the first basis for classifying p-aminobenzoic 
acid as an essential metabolite (1). However, substances other than 
p-aminobenzoic acid have been reported to ‘“‘antagonize” the inhibitory 
action of sulfanilamides (2-4). 

Using Escherichia coli as a test organism, Kohn and Harris (5) studied 
the “‘antagohism” of sulfanilamide action by methionine and postulated 
a metabolic interrelationship between p-aminobenzoic acid and methionine. 
In reporting ‘‘antagonistic’’ action of purine bases toward sulfanilamide 
inhibition of lactic acid bacteria, Snell and Mitchell (6), referring to the 
work of Kohn and Harris (5), proposed that this interrelationship could 
be extended to include the purine bases, adenine, guanine, xanthine, and 
hypoxanthine. 

Regarding the mechanism of competitive inhibition of growth by an- 
alogues of metabolites and its utilization in studying biochemical trans- 
formations, it was proposed in Paper I (7) that the antibacterial index is 
determined by the inhibited enzyme system which is the limiting factor 
for growth of the organism. Upon supplying the product of this specific 
limiting enzyme system to the organism in excess of growth requirements, 
the analogue either becomes ineffective as a growth inhibitor or at higher 
concentrations affects another enzyme system to which a new antibac- 
terial index corresponds. 

In the present investigation, the competitive inhibitions of p-amino- 
benzoic acid metabolism by sulfanilamide and by 4-amino-2-chlorobenzoic 
acid (8) and so called ‘‘antagonists” of their inhibitory action have been 
studied with respect to the above proposals. 

For Escherichia col’, it has been found that the antibacterial index of 
f-amino-2-chlorobenzoic acid is related to the enzyme system which syn- 
thesizes methionine. If methionine was supplied in the medium, the an- 
alogue became ineffective as a growth inhibitor. Also it was found that 
the antibacterial index for sulfanilamide inhibition of Lactobacillus arab- 
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inosus 17-5 was changed to a higher value by supplying purine bases in 
the medium. The lowest antibacterial index obtained in inhibiting growth 
of Escherichia coli with sulfanilamide corresponded to the enzyme system 
which synthesizes methionine. The next higher antibacterial index ob- 
tained in a medium containing methionine was associated with the enzyme 
system synthesizing the purine bases, guanine or xanthine, or products 
into which the purines could be converted by the organism. In a medium 
containing both purine bases and methionine, a still higher antibacterial 
index was obtained which corresponds to a third unexplored enzyme system 
in which sulfanilamide also competitively inhibited the functioning of 
p-aminobenzoic acid. Details of these experiments and their significance 


TABLE I 


Effect of Increased Amounts of Adenine Sulfate on Sulfanilamide Toxicity for 
Lactobacillus arabinosus 17-6 


Incubated 16 hours at 31-32°. 


Sulfanilamide per 10 cx 


Ntiiate | benavre acid! Oy | 37 | 07 | ay | 1007 | swy | 1000, 
Galvanometer reading* 
y per 0 cc. | y per 10 ce. 
oO | 0.1 Sl 73 8 2 2 
30 0.1 87 | 8g 74 19 2 
100 0.1 90 90 S87 55 3 
300 0.1 S9 SS 75 1] 2 
1000 0.1 So 85 51 30 2 
0 1.0 80 38, 5 2 2 
30 1.0 86 83 78 40 2 
100 1.0 90 88 88 79 8 
300 1.0 90 90 7 72 4 
1000 1.0 90 90 SS 65 2 


* A measure of culture turbidity; distilled water reads 0, an opaque object 100. 


in the study of biochemical transformations and in the search for chemother- 
apeutie agents are presented below. 
EXPERIMENTAL 

Testing Methods—Inocula, conditions of testing, and basal medium for 
Lactobacillus arabinosus 17-5 were essentially those described by Snell, 
Guirard, and Williams (9) but modified as indicated by Snell and Mitchell 
(6). Tests with Escherichia coli were carried out as previously described 
(7). Time and temperature of incubation are given with Tables I to V. 

Results 

The effect of increased amounts of adenine sulfate on sulfanilamide 

toxicity for Lactobacillus arabinosus is shown in Table I. The amount of 
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sulfanilamide required for maximum inhibition in the presence of adenine 
sulfate was 10 times that required for maximum inhibition in the absence 
of this purine. The effectiveness of adenine sulfate did not change appreci- 
ably with increases in concentration above the initial 30 y per 10 cc. even 
to concentrations of 1 mg. per 10 ce. 


Tase II 
Effect of Purine Bases on Sulfanilamide Toxicity for Lactobacillus arabinosus 17-6 
Incubated 16 hours at 31-32°. 


Galvanometer reading 








With added purine bases 





Sulfanilamide p-Aminobenzoic acid by wrereaners a peene ents 
Without added Adenine sulfate, 
purine bases uanine hydro- | Adenine sulfate, 
chloride, xanthine, 100 y per 10 cc. 
10 7 each per 10 cc. | 
y per 10 cc. y per 10 ce 
0 0.01 76 S2 S3 
0.3 0.01 48 SO 72 
1.0 0.0) Ss 69 73 
3 0.01 2 31 17 
10 0.01 2 5 5 
0 0.1 Sl S6 90 
3 0.1 73 85 90 
10 0.1 S 78 87 
30 0.1 2 33 55 
100 0.1 2 3 3 
0 1.0 SO S4 90 
30 1.0 38 82 8S 
100 1.0 5 72 8S 
300 1.0 2 20 79 
1000 1.0 2 2 s 
0 3.0 85 85 89 
LOO 3.0 63 85 89 
300 3.0 4 78 88 
1000 3.0 2 46 70 
3000 3.0 2 4 29 
Antibacterial index . . ' 100 1000 1000 


The effect of purine bases on sulfanilamide toxicity for Lactobacillus 
arabinosus as shown in Table II is that of changing the molar ratio for 
maximum inhibition of growth, the antibacterial index, from 100 to 1000. 
A mixture of purine bases, adenine sulfate, guanine hydrochloride, and 
xanthine was no more effective than adenine sulfate alone. The anti- 
bacterial indices were determined over a 300-fold increase in p-amino- 
benzoic acid concentration. Methionine in independent experiments 
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involving a medium containing hydrolyzed casein had no effect on sulfanila- 
mide toxicity for Lactobacillus aralinosus either in the presence or absence 
of purine bases. 

As shown in Table III, the molar ratio for maximum inhibition of growth 
of Escherichia coli with sulfanilamide was 3000 determined in the absence 
of methionine and 10,000 in the presence of methionine. 7 


TaBe Ill 
Effect of Methionine on Sulfanilamide Toxicity for Escherichia coli 


Incubated 16 hours at 37-38°. 


Galvanometer reading 


Sulfanilamide p-Aminobenzoic acid 
Without added With added d/-methionine, 
di-methionine 100 y per 10 cx 
y per 10 y per 10 c 
0 0 50 52 
100 0 4s +O 
300 0 be 19 
1.000 0 2 23 
3.000 0 l | 
0 0.3 19 a | 
300 0.3 15 49 
1.000 0.3 } 46 
3,000 : 0.3 2 10 
10,000 0.3 2 3 
0 1.0 19 +O 
1,000 1.0 44 18 
3,000 1.0 5 13 
10,000 1.0 ‘2 5 
30,000 1.0 l l 
0 3.0 17 50 
3,000 3.0 4] 4S 
10,000 3.0 6 4] 
30,000 3.0 2 7 
50,000 3.0 l l 
Antibacterial index 3000 10,000 


The effect of purine bases in the presence and absence of methionine on 
sulfanilamide toxicity for Escherichia coli is shown in Table IV. In the 


absence of methionine, purine bases had no effect on the toxicity of the 
sulfanilamide, but in the presence of methionine, the addition of purines 
changed the antibacterial index from 3000 to 30,000. Xanthine and gua- 
nine are apparently interconvertible by Escherichia coli, as each alone was 
as effective as a mixture of both. In other tests, adenine not only did not 
“antagonize”’ sulfanilamide action but slightly increased the toxic effects. 
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The antibacterial index varies with size of inoculum and time and tem- 
perature of incubation, and variations such as 3000 to 10,000 in separate 
tests are not uncommon unless an unusual effort is made to keep the con- 


TABLE IV 
Effect of Purine Bases in Presence and Absence of dl-Methionine on Sulfanilamide 
Toxicity for Escherichia coli 


Incubated 16 hours at 38-39°. 


Galvanometer reading 


Purine bases added 


Sulfanilamide | 2.20% acia | 4-Methionine| sil = "Txteeatiah ee 
| | bases added PO armenes hydrochloride,| hydivchloride, 
7 Per 10 Cc. 100 + per 10 cc.| 100-7 each per 
10 cc. 
y per 10 c y perl0cc. | vy per 10 ce. 
0 0 | 0 46 48 6 | ot 
100 0 0 44 47 47 49 
300 0 o | 3 5 4 2 
0 0 | 100) | 48 51 48 50 
300 0 100 15 48 47 48 
1,000 0 100 3 15 23 22 
3,000 0 100 2 8 0 | 0 : 
10,000 0) 100 2 3 % 6 
0 0.3 100 4S 52 49 50 
300 0.3 100 419 19 48 48 
1,000 0.3 100 3 17 44 13 
3,000 0.3 100 2 35 5 | 23 
10,000 0.3 100 2 8 9 9 
30,000 0.3 100 2 5 { 5 
0 1.0 100 47 50 48 51 
1,000 1.0 100 17 17 44 18 
3,000 1.0 100 3 44 45 45 
10,000 1.0 100 2 13 4 19 
30,000 1.0 100 2 6 7 9 
50, 000 1.0 100 2 3 4 4 
0 3.0 100 1S 50 48 50 
3,000 3.0 100 19 50 47 48 
10,000 3.0 100 3 45 43 45 
30, 000 3.0 100 3 12 14 13 
50,000 3.0 100 3 4 3 j 


| Antibacterial index 3000 30,000 30,000 | 30, 000 


ditions exactly the same; hence, all data for comparative purposes must 
be obtained in a single test. This type of variation accounts for the differ- 
ence in antibacterial index obtained with Escherichia coli in the presence of 
methionine in separate tests, Tables IIT and TV. 
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The molar ratio of 4-amino-2-chlorobenzoic acid to p-aminobenzoic 
acid for maximum inhibition of Escherichia coli is shown in Table V to be 
about 3000. When methionine was added to the growth medium, no 
effective inhibition of growth was obtained even when the inhibitor was 
at a concentration of 10 mg. per 10 ce. of medium. In a different experi- 
ment, 4-amino-2-chlorobenzoic acid did not inhibit growth of Lactobacillus 
cralinosus at a concentration of 10 mg. per 10 cc. in the presence of 0.1 
y of p-aminobenzoic acid per 10 cc. of medium. 


TABLE V 
Effect of Methionine on Toxicity of 4-Amino-2-chlorobenzoic Acid for Escherichia coli 
Incubated 16 hours at 38-39°. 
Galvanometer reading 


4-Amino-2-chlorobenzoic p-Aminobenzoic acid : 
acid Without added Bp Ss weer tal 
di-methionine no Saye eg 
100 y per 10 cc 


y per 10 cc. y per 10 cx 
” 0 0 t8 50 

100 0 45 19 
300 0 9 18 
1,000 0 1 {8 
3,000 0 45 
10,000 0 4] 

0 0.3 19 

300 0.5 44 

1,000 0.3 ] 

0 1.0 48 

1,000 1.0 44 

3,000 1.0 l 

0 3.0 48 

3,000 3.0 43 

10,000 3.0 ] 
Antibacterial index 3000 > 100,000 


DISCUSSION 


In clarifying the discussion of some so called ‘“‘antagonists” of competitive 
analogue-metabolite growth inhibitions, it is desirable to introduce a new 
term, product inhibition index. The term is defined as the molar ratio of 
analogue to metabolite at which the rate of synthesis of the product is the 
limiting process for growth and is reduced to such an extent as to prevent 
growth of the organism in a medium free of the product. 

To illustrate its use, we may say that the methionine inhibition index o! 
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Escherichia coli in the case of sulfanilamide is the molar ratio of sul- 
fanilamide to p-aminobenzoic acid (in a methionine-free medium) which 
inhibits the synthesis of methionine sufficiently to stop growth of the or- 
ganism. 

For a given analogue of a metabolite in a medium free of products de- 
rived from the metabolite, the lowest product inhibition index is the anti- 
bacterial index. If some of the products are supplied in excess of growth 
requirements, the lowest inhibition index of the products which are not 
supplied becomes the antibacterial index. If all the products are supplied 
in excess, the analogue becomes ineffective as a growth inhibitor. 

The product inhibition index varies just as the antibacterial index with 
size of inoculum and time and temperature of incubation; so slight varia- 
tions among separate tests are noted unless special precautions are taken 
to keep these constant. 

The purine base inhibition index of Lactobacillus arabinosus was 100 under 
the conditions of testing shown in Table II. When adenine or a mixture 
of purine bases was supplied, another product inhibition index, which 
amounted to 1000, became the antibacterial index. According to the work 
of Snell and Mitchell (6), Lactobacillus arabinosus appears to be capable 
of interconverting xanthine, hypoxanthine, adenine, and guanine. Thus, 
these purine bases in general are products of metabolism involving an en- 
zyme system in which p-aminobenzoic acid functions. 

In our experiments, the methionine inhibition index of Escherichia coli 
for sulfanilamide was about one-third the purine base inhibition index 
which was in turn one-tenth as large as another inhibition index of a prod- 
uct as yet unknown. Hence, the antibacterial index varied 30-fold, 
depending upon whether or not these two products were present in the 
growth medium. For Escherichia coli, guanine and xanthine appear to 
be interconvertible, but adenine was found to enhance slightly sulfanila- 
mide toxicity for the organism. Hence, methionine and the purine bases, 
guanine and xanthine, are products of enzyme systems in which p-amino- 
benzoic acid functions. 

Kohn and Harris (5) earlier concluded that p-aminobenzoic acid fune- 
tions in the synthesis of methionine. The experimental data upon which 
their conclusion was based are as follows: (a) Methionine prevented 
sulfanilamide toxicity for Escherichia coli only below a definite level of 
inhibitor. (b) Inhibitory action of ethionine was prevented by methionine, 
but not by p-aminobenzoic acid. The possibility that methionine and 
another material could have been precursors for p-aminobenzoic acid was 
discarded, because p-aminobenzoic acid did not antagonize the toxicity 
of ethionine. In the light of our findings, the basis for their conclusion 
does not appear completely valid. For example, purine bases and methio- 
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nine are products of enzyme systems in which p-aminobenzoic acid fune- 
tions in Escherichia coli, but purine bases, a product or its equivalent, do 
not exert an “‘antisulfanilamide” effect in the absence of methionine. 
Hence, the failure of p-aminobenzoic acid to prevent ethionine toxicity did 
not eliminate the possibility of p-aminobenzoic acid being a product of 
methionine metabolism. 

For 4-amino-2-chlorobenzoic acid, the methionine inhibition index 
of Escherichia coli was 3000, as shown in Table V. If methionine weg 
supplied in excess of growth requirements, the analogue was ineffective 
as a growth inhibitor; hence 4-amino-2-chlorobenzoic acid is a specific 
inhibitor of the functioning of p-aminobenzoic acid in methionine synthesis. 

An analogue of a metabolite may not react with all the enzymes with 
which the metabolite reacts, and the enzyme-analogue complexes which are 
formed may or may not function as the enzyme-metabolite complexes. 
Hence, analogues may be more specifie than the metabolite itself; so in 
the study of growth inhibitions by analogues of metabolites, knowledge of 
the composition of the growth media is imperative. For example, if the 
inhibiting properties of 4-amino-2-chlorobenzoic acid had been studied in 
a medium containing methionine in excess of growth requirements, it would 
have been found to be completely ineffective as a growth inhibitor. By 
improper choice of media, including those of unknown composition, power- 
ful inhibitors of synthesis of some of the products included in the media 
may be overlooked, because under these conditions inhibitors may become 
completely ineffective. If the effective medium at the site of an infection 
lacks constituents which are present in the medium used for in vitro tests, 
valuable chemotherapeutic agents may be completely overlecked. Con- 
versely, chemotherapeutic agents which are worthless 7x vive may appear 
highly potent in vitro if they are tested in media lacking products which 
are present at the site of an infection. Ideally, therefore, in vitro tests for 
chemotherapeutic agents should be made in a medium resembling as closely 
as possible that present at the site of infection. The lack of correspondence 
between in vitro and in vivo tests is probably due to a large extent to a 
failure to observe this principle. 


The authors are indebted to Dr. Roger J. Williams for valuable criticisms 
and suggestions and to Dr. Orville Wyss for the 4-amino-2-chlorobenzoic 
acid used in this work. 

SUMMARY 


Some “antagonists” of sulfanilamide action have been found to be 
products or their equivalent of enzymatic reactions in which p-amino- 


henzoic acid functions. 
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The term, product inhibition index, is proposed and defined as the molar 
ratio of analogue to metabolite at which the rate of synthesis of the product 
is the limiting process for growth and is reduced to such an extent as to 
prevent growth of the organism in a medium free of the product. 

For sulfanilamide, the methionine inhibition index of Escherichia coli 
is one-third of the purine base inhibition index, and the purine base inhibi- 
tion index is one-tenth that of the inhibition index of another product as 
yet unknown. ‘Thus, p-aminobenzoic acid functions in the synthesis of 
methionine and purine bases, xanthine and guanine, in FE. coli, 4-Amino-2- 
chlorobenzoic acid is shown to be a specific inhibitor of methionine syn- 
thesis by /. colt. The purine base inhibition index of Lactobacillus arabin- 
osus is one-tenth that of the inhibition index of another unknown product. 
Hypoxanthine, xanthine, guanine, and adenine, all being interconvertible, 
are products of an enzyme system of Lactobacillus arabinosus in which 
p-aminobenzoic acid functions. 

It is indicated that knowledge of the composition of media is imperative 
in seeking out competitive inhibitors of metabolite functioning. Valuable 
chemotherapeutic agents may be completely overlooked if the medium 
used for in vitro tests contains products not present in the effective 
medium at the site of the infection to be treated. Conversely, chemothera- 
peutic agents which are worthless in vive may appear highly potent in 
vitro if they are tested in media lacking products which are present at 
the site of an infection. 
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CHANGES THAT OCCUR IN PLASMA PROTEINS 
DURING GROWTH OF THRE DOG 


By LENA A. LEWIS 


(From the Research Division of the Cleveland Clinic Foundation, Cleveland) 
(Received for publication, December 6, 1945) 


Very few studies of change in plasma proteins incident to growth have 
been made. In 1918, Hatai (1) measured the changes with growth in the 
refractive index of rat serum, from which some information concerning the 
proteins could be drawn. Smith and coworkers (2, 3) studied total nitrogen 
in rat serum from the time the animals were weaned to full maturity, and 
albumin and globulin changes during the period of most rapid growth. 
The fractionation of the proteins was made by the Howe precipitation 
method. In order to obtain further information concerning the effect of 
growth on the different proteins, the present studies with the Tiselius elec- 
trophoresis technique were undertaken. Dogs were selected as the experi- 
mental animal so that the changes could be followed on the same subject 
throughout. By the electrophoresis technique with phosphate buffer, pH 
7.8, six fractions are separated : albumin, a,-globulin, a2-globulin, 8-globulin, 
y-globulin, and fibrinogen. 


Methods and Material 


Four litter mates, mongrel puppies (two male and two female), were 
studied from the time of weaning at 6 weeks until full growth was attained. 
The diet consisted of cow’s milk, Purina dog chow, and ground horse meat. 
When the animals were 4 months of age, the milk was discontinued. No 
attempt was made to determine the amount of food ingested by each dog. 
Blood was collected from the femoral artery approximately once a month. 
More frequent bleedings were avoided so that alterations could not be 
attributed to blood loss. Total protein nitrogen was determined by the 
Pregl modification of the micro-Kjeldahl method. A non-protein nitrogen 
of 25 mg. per 100 ml. was assumed. The Longsworth modification of the 
Tiselius electrophoresis technique was used to fractionate the proteins (4). 


Results 


The details of composition of the plasma of Dog 47 are shown in Fig. 1 to 
illustrate the trends observed. While the absolute values varied consider- 
ably from dog to dog, the general shift was similar in the four animals 
studied. The total plasma protein at the time of the initial examination 
fell between 3.6 and 4.4 gm. per 100 ml. There was no correlation between 
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Fic. 1. Changes in the plasma protein fractions of Dog 47 during growth. Obser 
vations by the electrophoresis method in phosphate buffer of pH 7.8, ionic strength 
0.16. 


the body weight and the plasma protein level. In three of the four dogs 
there was a decrease in the total plasma protein during the Ist month 
following weaning and in all cases there was a fall in the albumin level. 
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The albumin decrement was 0.7, 0.1, 0.3, and 0.5 gm. per 100 ml., respec- 
tively. The y-globulin increased to 2.5 times the initial value during the 
same period. The other globulins showed no consistent change. 

When the animals were between 3 and 5 months of age there was a large 
increment in both the total protein and the albumin. The average incre- 
ment in total protein was 0.7 gm. per 100 ml., and in albumin 0.45 gm. per 
100 ml. After the 5th month, when the period of rapid growth was over, 
there was a lag in the rate of total protein and albumin increase. 

The fibrinogen showed a definite upward trend in all cases until the 5th 
month. Between the 5th and 6th months, a particularly large increment 
was observed. By the 10th month, the level had decreased to 0.90, 0.78, 
and 0.65 gm. per 100 ml. in three of the dogs. The fourth dog had the 
mange during this period and showed unusually high fibrinogen values of 
1.7 gm. per 100 ml. 

Two of the dogs developed mange when they were 7 months old. This 
infection may possibly have modified the level of the protein fractions. 
One recovered within a few weeks. The other had a skin eruption for the 
remainder of the period of observation. 

In each case there was a slight decrement (0.35, 0.23, 0.23, 0.36 gm. per 
100 ml. respectively) in the total protein between the 6th and the 9th month, 
but there was at the same time a definite increase in albumin (0.43, 0.23, 
0.34, 0.41 gm. per 100 ml. respectively). 

When the animals were fully grown the total plasma protein had in- 
ereased between 1.0 and 1.5 gm. per 100 ml. from the level at weaning. 
Of this 0.63, 0.50, 0.48, and 0.31 gm. per 100 ml. respectively were albumin. 
In no case did the 8-globulin or the a; plus a-globulins show significant 
changes from the initial level. There was, however, a definite increase in 
the y-globulin level. The average increase from the level at weaning was 
110 per cent. 

DISCUSSION 

Swanson and Smith (2) found that in rats the most pronounced increment 
in plasma protein nitrogen occurred in early life, from weaning until the 
rats were 50 days old. After that the increase was very gradual and the 
data indicated that an approximately uniform level was maintained in 
adult life. Our findings on dogs are similar, except for an initial slight drop 
in the total protein, and definite decrease in the albumin immediately fol- 
lowing weaning. 

The changes observed between the 6th and the 8th month probably corre- 
spond with those observed in rats at 60 to 80 days by Hatai and at 100 days 
by Swanson and Smith, and probably parallel the onset of sexual maturity. 
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SUMMARY 

The total protein and Tiselius electrophoretic fractions were determined 
on the plasma of four dogs from the time the animals were weaned until 
they were fully grown. The total protein showed an initial slight drop, 
then a rapid increase during the period of most rapid growth. The y- 
globulin increased markedly during this time. The albumin decreased 
during the Ist month, and returned to the initial level at about the 6th 
month. Between the 6th and 8th months a large increase in the albumin 


was observed. 


I wish to thank Mr. James Clark for valuable technical assistance 


throughout these studies. 
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A STUDY OF THE REQUIREMENTS OF WHITE LEGHORN 
CHICKS FOR NEW AND UNIDENTIFIED MEMBERS OF 
THE VITAMIN B COMPLEX 


By H. G. PETERING,* J. P. MARVEL, C. E. GLAUSIER, Jr., anv J. WADDELL 
(From the Biological Laboratory, E. I. du Pont de Nemours and Company, 
New Brunswick, New Jersey) 

Reports published during the last few years indicate that there have 
been isolated from natural sources at least three compounds, all included 
under the term “folic acid,” which have growth and antianemia activity 
for chicks. These compounds are vitamin B.! and vitamin B,. conjugate, 
both isolated by a group of workers in the Parke, Davis laboratories (2-4), 
and Lactobacillus casei « factor from fermentation products (LCF) first 
obtained by workers in the Lederle Laboratories (12). ‘‘Folie acid,” as 
originally described by Mitchell, Snell, and Williams (5), seems now to be 
accepted as an impure preparation of vitamin B,.. Other factors in this 
group of compounds, such as the Streptococcus lactis R factor (SLR) of 
Keresztesy et al. (6), factors R and 8 of Schumacher, Heuser, and Norris 
(7), and vitamins By and By, of the Wisconsin workers (8) either have not 
been obtained in pure form, or adequate reports have not been made which 
would definitely indicate their réle in chick nutrition. 

In the case of vitamin B. only reports on its activity in preventing 
anemia in chicks have been extensive (2, 9-11, 1). Its effect on growth 
and feathering is not clear from published results because the growth 
obtained in most instances with pure preparations fell far short of that 
which might be expected from the use of a good practical diet. From the 
reports of Binkley et al. (3) and Pfiffner and coworkers (4) it may be 
accepted that the chick activity of vitamin B. conjugate is identical in all 
respects with that of vitamin B.. Little or no data on LCF have been 
published by Hutchings et al. (12), the discoverers of this compound, but 
recent reports of Scott and associates (13, 14) indicate that LCF requires 
the presence of pyridoxic acids in order to show significant chick activity. 

We have carried out numerous chick experiments on the value of certain 
natural materials, of concentrates made from some of these, and of LCF 
and pyridoxic acids as supplements to a highly purified basal diet similar 
in all respects to that used by Briggs et al. (15). Some data are presented 
here in the hope that they may contribute substantially to a better under- 
standing of the value of some of these new and unidentified B complex 
vitamins in chick rutrition. 

* Present address, The Upjohn Company, Kalamazoo, Michigan. 


' Vitamin B, has apparently been synthesized by Augier et al. (1), although the 
synthetic product is called “liver L. casei factor’’ by the authors. 
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EXPERIMENTAL 


All experiments were conducted with day-old single comb white Leghorn 
cockerels from a single hatchery and a single flock. The basal diet which 
is similar to that used by the Wisconsin workers (15) is listed in Table I. 

Each bird received semiweekly 1 drop of fortified halibut liver oil which 
contained in each gm. 5000 A. O. A. C. units of vitamin D, 60,000 U.S. P. 
units of vitamin A, and 15 mg. of added di-a-tocopherol acetate. 


TABLE | 
Basal Diet 


per cent 
Gelatinized starch (Corn Products Refining Company ) 52.70* 
Casein (Smaco vitamin test) 18.00 
Gelatin (The Wilson Laboratories) 10.00 
Soy bean oil (crude, expeller grade) 5.00 
I(—)-Cystine 0.30 
KI supplement t 1.00 
Salts supplement tf 10.00 
CaHPO,-2H.0 1.00 
Biotin supplement § 1.00 
Vitamin 1.00 


* Total carbohydrate adjusted to 60.42 per cent, account being taken of starch in 
the supplements. 

t 0.400 gm. of KIT made up to 100 gm. with starch and mixed by grinding ina pebble 
mill. 

t 8.364 gm. of NaCl, 16.112 gm. of KzHPO,, 3.748 gm. of CaHPO,-2H,O, 5.096 gm. 
of MgSO,-7H.O, 14.988 gm. of CaCOs, 1.376 gm. of Fe(C.H;O;)-6H,O, 0.400 gm. of 
MnSO,-4H.0, 0.014 gm. of ZnCl, and 0.016 gm. of CuSO,-5H.O, made up to 100 gm. 
with starch and mixed by grinding in a pebble mill. 

§ 1.50 mg. of Merck’s crystalline biotin dissolved in water, sprayed on starch, 
dried, made up to 100 gm. with starch, and mixed by grinding in a mill. 

30.0 mg. of thiamine hydrochloride, 60 mg. of riboflavin, 40 mg. of pyridoxine 
hydrochloride, 300 mg. of di-caleium pantothenate, 1.00 gm. of nicotinic acid, 50 
mg. of 2-methyl-1,4-naphthoquinone, 15 gm. of choline chloride, and 10 gm. of 
i-inositol, made up to 100 gm. with gelatinized starch and mixed by grinding in a 


mortar. 


When supplements of unidentified factors or. crystalline compounds 
other than those listed above were added to the diet, they were mixed with 
starch and the completed supplement was added at the expense of the 
gelatinized starch. 

Both yeast extract? and liver fraction L*’ have been used as our control 


? Standard Brands, Inc., Type 3 yeast extract. 
‘The Wilson Laboratories liver fraction L. 
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preparations. These, when added to the basal diet at 1 per cent level, 
gave maximal growth, hemoglobin formation, and feathering, as can be 
seen from the data given in Table II. Several of our concentrates pre- 
pared from yeast extract, labeled Concentrates 27-203-A, 27-225-A-II, 
and 27-247-D, which are equivalent preparations, constantly gave maximal 
effects when fed at levels of 14 to 16 mg. per 100 gm. of diet. These prepa- 


Taser Il 


Response of Chicks to Control Preparations 


Hemoglobin, Roseotial 
: Weight, 4 wks. hog activity,* 
§ &. ted per —_ 
Basal diet plus £ & “ 3 
& S c S 
fc, &|2 3 Ay A : - 
‘S Ss S : ‘ 4 Range ; — | Range = % x 
g\/2\121 8 siaia 
aml em gm gm. gm s a Y 
No addition 16 | 17 |168 | 33.7] 84.7) 55-108) 4.53) 1.8-6.5) 7 
0.5% yeast extract; 10. 10 | 98 “S4.4) 179.9) 131 -272| 7.46; 6.0-9.1) 45 | 26 | 27.5 
1.0% ais "r 12 | 16 160 98.1 290.9 248-333 8.9 8.2-9.4| 77 | 52 | 55 
2.0% - ™ 4 4 40 97.5) 299.7 268-313) 8.75) 8.5-9.1) 85 104 110 
1.0% liver frac 2) 2) 20) 95 | 288.2 271-306! 8.6f) 70t 
tion L | 
Smg.°>¢ yeast Con- | 7 | 70 | 93 202.5) 165-235) 7.12) 5.7-7.6) 49 | 22 | 19 


centrate 27-247- 

D or equivalent 

preparation 
16mg.° veast Con 3 3 | 30 | 93.3) 266.7! 236-298) 

centrate 27-247- 

D or equivalent | | 

preparation | | 


8.53) 


8.1-9.0) 70 | 44 | 38 


* Microbiological data obtained by the Vitamin Laboratory, E. R. Squibb and 
Sons, through the courtesy of Dr. A. Black. 

+ Lactobacillus casei ¢« activity; Streptococcus lactis R activity. 

t One value only. 


rations were therefore frequently used as supplements for the control groups, 
since they had the advantage of being free of many materials contaminat- 
ing the original yeast extract. Because of the wide variations which have 
been reported in responses to purified basal diets used in this type of ex- 
periment, it seems that a presentation of our experience with the basal 
diet and with control preparations fed in adequate amounts such as are 
given in Table II is important, since it will help the reader to evaluate our 
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data on pure preparations more critically and to fit them into a self-con- 
sistent pattern. 

While we were occupied with attempts to prepare concentrates of factors 
needed to supplement our basal diet, the first report of Scott, Norris, Heuser, 
Bruce, Coover, Bellamy, and Gunsalus (13) appeared, indicating that 
pyridoxic acids played a réle in hemoglobin formation in chicks. Therefore, 
we decided to test these materials under our experimental conditions, 
which were somewhat different from those used by the Cornell workers, 
We first made two different preparations of oxidized pyridoxine and found 
them to be without effect on growth or hemoglobin formation in chicks 
maintained on our basal diet. We then were able to secure samples of 5- 
pyridoxic acid and 4-pyridoxic acid‘ which were used in place of the cruder 
oxidized pyridoxine preparations. 

In testing the value of the 5-pyridoxic acid as a supplement to the basal 
diet, we added it in one experiment at a level of 2 mg. per 100 gm. of diet as 
the sole supplement, and in a second experiment at a level of 25 y per 100 
gm. of diet alone and in combination with various levels of a purified yeast 
concentrate (No. 27-247-D). This latter preparation was known to induce 
optimal or near optimal responses at a level of 16 mg. per 100 gm. of basal 
diet. Our findings are given in Table III. 

Our results were greatly at variance with those reported by Scott et al. 
(13), in that we observed no supplemental effects from the 5-pyridoxic acid 
either alone or in combination with suboptimal levels of the yeast con- 
centrate. The differences seemed to be resolved, however, by the sub- 
sequent publication of Scott, Norris, Heuser, and Bruce (14), in which they 
reported that pyridoxic acid was active only in the presence of LCF and 
that previous results had been due to the inclusion of factor S in their diet, 
which apparently contained adequate amounts of LCF. These workers 
presented evidence that pure LCF of Hutchings et al. (12) plus pyridoxic 
acid prevented anemia and stimulated growth in chicks receiving a purified 
diet devoid of factor S supplement. 

Soon thereafter we were able to obtain small amounts of LCF (85 per 
cent pure)’ and decided to find out whether the observations of the Cornell 
workers could be duplicated under our experimental conditions. Since 
we had only a very small amount of LCF, it was fed to smaller groups of 
birds than was usual and at the level of 50 y° per cent alone and in combina- 


4 Samples of 4- and 5-pyridoxic acids were kindly supplied by Merck and Company, 
Inc., Rahway, New Jersey, through the courtesy of Dr. Karl Folkers. 

’ The sample of LCF (85 per cent pure) was kindly furnished us by Dr. E. L. R. 
Stokstad of the Lederle Laboratories, Inc., Pearl River, New York. 

* The level of 50 y per cent represents the level of pure material supplied when 
59 y of the 85 per cent pure sample which we had available were fed. 
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tion with 100 y per cent of 4-pyridoxic acid. In this experiment we also 
included the 4- and 5-pyridoxic acids alone and in combination with a 
half optimal level of yeast concentrate, No. 27-247-D. Our results are 
given in Tables [IV and V. Table IV shows the data on growth, survival, 
and hemoglobin. Table V is concerned with details of hematological 
studies of the same birds, and similar data taken from the literature are in- 
cluded for comparison. 


TABLE III 
Results Obtained with &-Pyridoxic Acid and Yeast Concentrate 27-247-D* 


| | 








| 
Hemoglobin, 
—— 4 


Experiment . : Average weight 
No. upplement per 100 gm. diet — abiin whe. 
| 3wks. 4 wks. 
sm. em | Med 
19-18 | None 77 (7)t| 74 (4) | 4.1 (4) 
Yeast extract, 0.5 gm. 140 (10) | 193 (9) | 8.2 (9) 
Ke " 2 Be 182 (10) | 248 (10) | 9.0 (10) 
5-Pyridoxic acid, 2.0 mg. 71 (8) 71 (2) | 5.9 (Q) 
19-20 None 80 (5) | 4.3 (5)t 
Yeast extract, 0.5 gm. ' 128 (9) | 176 (9) | 7.7 @) 
; if * 185 (10) | 269 (10) | 8.7 (10) 
5-Pyridoxic acid, 25 4 77 (4) 5.0 (4)t 
Yeast Concentrate 27-247-D, 4 mg. 105 (9) 11] (7) | 4.8 (7) 
zi oi 27-247-D,8 “ 127 (10) 165 (9) | 5.7 (9) 
27-247-D, 16 mg. 154 (9) | 236 (9) | 8.5 (9) 
27-247-D, 4 mg. + 109 (9) 105 (5) | 3.8 (5) 


5-pyridoxie acid, 25 4 
Yeast Concentrate 27-247-D, 8 mg. + 144 (9) 188 (8) | 6. 
5-pyridoxie acid, 25 + 


bo 


(8) 


* Ten birds started in each group. 

+t The numbers in parentheses indicate surviving birds on which the average is 
based. 

13 weeks data. 


On the basis of these findings, it seems clear that neither of the pyridoxic 
acids has any supplementary value when added to the basal diet alone. 
Neither did they supplement the yeast concentrate when the latter was 
fed at 8 mg. per cent, an amount which gives half optimal responses in 
growth and hemoglobin formation. Also, it can be seen that LCF alone, 
at the level fed, had a small but distinct effect on growth and survival was 
very good, but its effect at this level on hemoglobin formation seems to be 
negligible. It would have been desirable to have fed larger amounts of 
LCF, but we were unable to do this because of our limited supply. If 
one assumes that LCF is the only deficiency of our basal diet, it would 
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appear that it is needed in amounts greater than 200 y per 100 gm. of diet, 
since 50 y gave not more than one-quarter of the response which can be 
expected from other supplements such as yeast concentrates and liver 
fraction L. 

On the other hand, it is quite evident that the combination of LCF and 
4-pyridoxic acid kas a significant supplemental effect in so far as growth and 
hemoglobin formation are concerned, although the response obtained with 
the combination is still very much below the optimum. In general this 


TaBie IV 
Effect of Lactobacillus casei « Factor (LCF), Pyridoxice Acids, and Yeast 
Concentrate on Growth and Hemoglobin Formation 


Hemoglobin, per 100 


Supplement per 100 gm. diet Wide ee ce. blood 
started 
3 wks 4 wks 5 wks 4 wks. 5 wks. 
gm gm gm. gm. gm. 
None 10 97 (7)* SS (3) 6.5 (3) 
$-Pyridoxic acid, 100 4 10 94 (7) 104 (4) 5.1 (4) 
= 5OO ** 10 92 (5) SS (2) 2.9 (2) 
5-Pyridoxie ‘“* 100 * 10 92 (6) | 134 (1) §.1 (1) 
o ae , 10 110 (4) 102 (2) 5.8 (2) 
LCF, 50 4 6 lll (6) 130 (5) 3.5 (5) 
‘50 “ + 4-pyridoxie 6 | 160 (6) | 220 (6) *| 265 (6)| 7.7 (6) | 7.7 () 
acid, 100 4 
Yeast Concentrate 10 171 (10) 230 (10) | 312 (8)) 7.3 (10) | 8.5 (7) 
27-247-D, 8 mg. 
Yeast Concentrate 10 152 (10) 201 (10) 277 (8) | 6.7 (10) | 6.8 (8) 


27-247-D, 8 mg. + 
1-pyridoxie acid, 100.5 
Yeast Concentrate 10 170 (10) | 235 (10) | 306 (9) | 7.2 (10) | 8.2 (9) 
27-247-D, 8 mg. + 
5-pyridoxie acid, 100 4 


* The numbers in parentheses indicate surviving birds upon which the averages 


are based. 


confirms the report of the Cornell workers (14) regarding the value of 
pyridoxie acid as a supplement along with LCF, but there still remain im- 
portant differences between their data and ours which will be seen from a 
study of Table V. 

In analyzing the data from the different laboratories given in Table V it 
is well to recognize the following facts. Under our experimental conditions 
and on our basal diet a more severe anemia and poorer survival are ex- 
perienced than are indicated by the data of the Cornell workers (14) or the 
Parke, Davis investigators (10,11). The data of Scott et al. (14) are for 
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iet, Taste V 
be Effect of Lactobacillus casei « Factor (LCF), Pyridoxie Acids, Yeast Concentrate, and 
ver Vitamin B. on Red Blood Cell Characteristics, including Data from Literature 
: Values at 4 wks. Calculated constants 
ind - oneetaeeanse 
: | Average 
und oe 7 Hemato- wai Average _— Pll 
‘ith Hemoglobin crit Red cells cell globin 100 cc. 
° volume per cell packed 
‘his | “cells 
Authors’ data; ¥. Table III 
Wcweed | Swot | tae | Se | oe | 
Neue 6.5 (3)*, 14.7 | 1.48 9 | 44 | 44 
" 100 y 4-pyridoxic acid 5.1 (4) | 14.1 | 0.77 | 188 66 | 36 
500 “ 3 te 2.9 (2) 7.3 0.68 107 43 40 
ks. 100 “ 5-pyridoxic 5.1 (1) 14.5 ().82 177 62 35 
at 500 “ ” ” 5.8 (2) | 17.5 1.24 141 47 47 
Average 5.2 13.7 1.02 134 51 | 38 
50 y LCF 3.5 (5) 11.0 0.61 180 58 32 
go* ~*~ +104 7.7 (6) 25.3 2.04 124 38 3l 
4-pyridoxic acid 
(5) 8 mg. yeast Concentrate 7.3 (10) 28.5 1.97 145 37 26 
27-247-D 
(7) 8 mg. yeast concentrate + 6.7 (10) 22.9 1.59 144 42 29 
100 y 4-pyridoxic acid 
(8) 8 mg. yeast concentrate + 7.2 (10) 25.1 1.63 154 44 29 
100 y 5-pyridoxie acid 
(9) Taken from data of Scott et al. (14)t¢t 
None 2.8 11.2 0.858 131 33 25 
‘ 4-Pyridoxie acid 7.4 20.1 1.520 132 49 37 
ges | LCF 6.5 23.6 1.912 | 123 34 28 
4-Pyridoxic acid + LCF 9.8 26.0 2.192 | 119 45 | 38 
Commercial chick diet 10.0 26.7 2.214 121 45 38 
ee oe me 
im- Calculations from data of Campbell et al. (10)t 
na 6 ; i WU Gi 
None 3.4 17.2 0.89 193 38 | 2 
a Broiler ration 8.7 32.5 2.35 138 37 27 
vit) 54 B. 5.6 21.0 | 1.35 155 42 27 
ons | 2% « 5.9 31.5 1.92 164 31 | «(19 
aa. “ 7.0 30.3 1.95 155 | 3% | B 
the | 100“ 7.6 30.1 2.01 | 150 38 | 2 
wo «6 7.7 | 29.7 | 1.95 | 152 | 40 | 26 


for fr. Prati siete Eh al 
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TaBLe V—Concluded 


Values at 4 wks. Calculated constants 





| | 
| 


ee ——— 


Average 
| Average | hemo- 
| 








Supplement per 100 gm. diet | Average r 
Hemoglobin | Hemato- Red cells | cell hemo- | globin per 
crit | eotiees globin 100 cc. 
| percell | packed 
| | cells 
Campbell et al. (11)t 
| gm. per 100 ' 108 per ru. mi- | aiount- | = 
cc. blood | OO" EM | omar, weme crograms sm. 
None 3.4 11.3 | 0.70 | 161 | 48 30 
Broiler ration Pe 31.2 | 2.27 | 238 | & | OS 
1 y B. per day, by pipette | 5.3 22.1 | 1.46 | 147 39 | 
q* = * = 6.3 24.4 | 1.63 | 150 | 39 26 
j j | 
ss. Se 8.8 33.0 | 2.2 | M7 | 39 | 27 











* The numbers in parentheses indicate surviving birds upon which data are based. 
Cf. Table IV. 


+3 weeks data. 
t Red cell characteristics calculated by us from hematological data. 


3 week-old birds and are representative, not average data, as is the case for 
all other values given in Table V. In addition, Scott e¢ al. do not make 
clear whether their hematological study was carried out on birds getting 25 
or 50 y per cent, although it seems that the latter level is the one involved. 
Scott et al. used 1 per cent sulfasuxidine in their basal diet, which was not 
used by the Parke, Davis workers nor by us. 

In our experience a good chick diet will allow white Leghorn cockerels 
at 4 weeks to have a hemoglobin value of 9.0, and a red cell count of 2.5 
X< 10° cells per c.mm., which is what we have found to be the case with 
birds receiving adequate amounts of yeast extract or yeast concentrates as 
supplements for the basal diet. If we assume that the hematocrit will on 
the average be 32 per cent for normal birds, which is approximately correct 
and similar to that found by the Parke, Davis group (10, 11) and by Hogan 
and his students (9), the ‘“‘normal” red cell characteristics which can be used 
for comparison are a volume per average cell of 128 cu. microns, an average 
of 36.0 micromicrograms of hemoglobin per cell, and 28.1 gm. of hemo- 
globin per 100 cc. of packed cells. 

On this basis our data indicate that in the feeding of 50 y per cent of LCF 
alone a macrocytic and hyperchromic anemia develops. The addition of 
100 y of 4-pyridoxic acid to the diet containing 50 y of LCF brings the cell 
size and average hemoglobin per cell or unit of cells down into the ‘‘normal” 
range, even though an anemia exists as judged by hemoglobin and red cell 
count. On the other hand, 8 mg. of yeast concentrate per 100 gm. of diet, 
which is the half optimal level, allows a macrocytic condition to develop, 
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regardless of whether pyridoxic acids are present. In these groups re-- 
ceiving the yeast concentrate the hemoglobin per cell or unit of cells is 
within the “normal” range, but the anemia which exists is further charac- 
terized by a low cell count. The addition of pyridoxic acids to the yeast 
concentyate does not have a beneficial effect, but may actually depress the 
red cell count slightly. 

Since pyridoxic acids showed no supplementary value for the birds 
receiving 8 mg. per cent of yeast concentrate, it seems that their effect on 
the basal diet alone would be negligible, and thus we may be permitted to 
discuss the data from the groups receiving pyridoxic acids alone along with 
those from the basal group; 7.e., the first five groups recorded in Table V. 
These data indicate that on the average a somewhat macrocytic, hyper- 
chromic condition is shown by surviving birds on the basal diet. The data 
are variable and not nearly as consistent as for the groups receiving even 
suboptimal levels of effective supplements. This is probably due to the 
severity of the deficiency as seen at 4 weeks under our experimental con- 
ditions. The apparent microcytic .condition shown by the first group 
(basal group) is undoubtedly due to the fact that two of the surviving birds 
were sick, and showed some hemoconcentration. 

The calculations made from the data of Campbell et al. (10, 11) indicate 
that the macrocytic anemia shown by their basal group was not entirely 
corrected by even the highest levels of vitamin B. which were fed, namely 
100 to 400 y per 100 gm. of diet. This is interesting in view of the striking 
effect of the combination of LCF and 4-pyridoxic acid in allowing the for- 
mation of normocytic cells, as shown by our data. 

In view of the data presented here on the chick activity of certain pure 
microbiologically active compounds, it might be of interest briefly to note 
from Table II that we have always been able to obtain optimal chick re- 
sponses with crude or purified preparations when fed at levels which supplied 
50 y or less of vitamin B, activity, as measured by the total microbiologi- 
eal activity after release of all ‘‘bound’’ materials by means of enzyme 
treatment. It is also true that the microbiologically active substances in 
our preparations after enzyme treatment were equally active for both 
Lactobacillus casei « and for Streptococcus lactis R (S. faecalis R), which 
would point to the fact that we were probably dealing with true vitamin 
B. activity and not with any appreciable amount of LCF activity. If 
this were true, it might explain why we were not able to find a supplemen- 
tary effect of pyridoxic acid with our yeast preparations. 

In one experiment not included in the tables we were able to obtain 
maximal growth, nearly maximal hemoglobin formation, and complete 
survival by feeding two highly purified preparations, one of which fur- 
nished a total of 22 y of vitamin B, activity per 100 gm. of diet, while the 











486 VITAMIN B COMPLEX 


other furnished a total of 37 y per 100 gm. of diet. These data would in- 
dicate that the required level of vitamin B. activity for chicks is probably 
less than 50 y per cent. Since most other investigators using pure materials 
have found the required level to be higher, and even with amounts as high 
as 100 to 400 y per cent have not succeeded in duplicating normal responses, 
our data might be taken to indicate that factors other than vitamin B,, 
LCF, and pyridoxic acid are required by chicks, or at least can substitute 
for these compounds. 
DISCUSSION 

The status of the réle of new and unidentified B complex vitamins of the 
group loosely called ‘folic acids” in the nutrition of the chick is still con- 
fused. Although the isolation of crystalline vitamin B., B. conjugate, and 
LCF, and synthesis of vitamin B. have made these pure materials avail- 
able to some workers for thorough investigation, reports on the use of these 
compounds in chick nutrition have been few and leave a number of ques- 
tions unanswered. The Parke, Davis workers (2, 10, 11) have never 
obtained as good growth as might be expected from 4 week-old white Leg- 
horn chicks, and in most instances they have not been able to obtain as 
good hemoglobin values when feeding vitamin B,. as they obtained with 
their positive control groups. The statement by Hutchings et al. (12) 
that LCF is chick-active is only partially true, since apparently adequate 
levels gave us and the Cornell workers (14) only small responses. In 
addition the Wisconsin and Cornell investigators (7, 13-16) still maintain 
that factors other than vitamin B. or LCF are required by chicks, these 
factors being factor R, vitamins By) and By, and pyridoxie acids. 

Some of these discrepancies may be due to differences in basal diets .used 
by different workers, and by the improper use of microbiological data 
obtained on crude preparations. 

This is emphasized by the recent report by Boutwell, Geyer, Elvehjem, 
and Hart (17), in which it is shown that rat requirements for B vitamins 
are markedly altered by the changes in the type of fat or carbohydrate 
offered the animals. The fact that vitamin B,. and B, conjugate exist 
together and may be contaminated with LCF or SLR makes interpretation 
of early microbiological data, as used in conjunction with chick experiments, 
somewhat questionable. However, it may also prove to be true that a 
number of compounds of different chemical structure or certain combination 
of compounds may be mutually equivalent or interchangeable. Such seems 
to be the case with vitamin B, and B, conjugate, and with the combination 
of LCF and pyridoxic acid as substitutes for vitamin B, activity. 

Our data indicate that a severe deficiency can be produced in chickens 
on a basal diet devoid of sulfonamides and lower in protein than that used 
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by the Parke, Davis or Cornell workers (2, 3, 10-13). Our basal diet is 
also devoid of p-aminobenzoic acid, which is unnecessary for adequate nu- 
trition of chicks, as our data and those of the Wisconsin workers indicate. 
Severe anemia, lack of growth, and poor survival result from the deficiency, 
which can be completely alleviated by the addition of 1 per cent of yeast 
extract or | per cent liver fraction L, or by concentrates prepared from 
these raw materials. Under our conditions an amount of vitamin B, 
activity equal to 50 y or less of vitamin B,. per 100 gm. of diet seems ade- 
quate. In some cases as little as 22 to 37 y of potential B. activity have 
given us excellent growth and good hemoglobin formation. 

The data of Briggs, Luckey, Mills, Elvehjem, and Hart (18) and those 
of Scott et al. (13, 14) indicate, as do our data, that optimal growth cannot 
be obtained by feeding supposedly adequate levels of either folic acid of 
Williams, or LCF of Hutchings ef al. Furthermore, the data of Briggs 
et al. (18) indicate that 0.5 per cent sulfasuxidine in the basal diet almost 
completely voids the response in growth due to folic acid, but that sul- 
fasuxidine does not inhibit a response to their liver concentrates which are 
said to be active in vitamins By) and By. We also have found (unpublished 
data) that 0.5 per cent sulfasuxidine does not affect response to yeast 
extract or concentrates prepared from it. Thus our work would seem to 
indicate, as do the reports of the Wisconsin group, that there may be other 
compounds, low in potential vitamin B, activity for microorganisms, which 
are highly active for chicks and which are not affected by the presence of 
sulfasuxidine in the diet. However, contrary to the experience of the 
Wisconsin group, we have been unable to identify clearly separate factors 
for growth, for hemoglobin formation, and for feathering, although in 
several experiments we have obtained results which indicate that there 
may be such separate factors. 

In our experience with LCF and pyridoxic acid, we find, as did Scott et al. 
(14), that LCF alone does not give a good response in chicks, and that the 
addition of pyridoxic acid definitely complements the action of LCF, even 
though LCF is more active for chicks alone than is pyridoxic acid, as 
measured by survival and growth. We have found that 50 y of LCF per 
100 gm. of diet give at best only about one-fourth the maximal response 
which can be obtained. The response in growth and hemoglobin for- 
mation of the group receiving 50 y of LCF and 100 y of 4-pyridoxie acid 
was equal to that obtained from 8 mg. of our preparation, Concentrate 
27-247-D (yeast concentrate), which indicates that the combination of these 
materials gives only about one-half the maximal response which can be ob- 
tained consistently under our experimental conditions. Thus we fail to 
find that this combination of LCF and pyridoxic acid gives a normal hemo- 
globin value. 
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Neither 4- nor 5-pyridoxic acid complemented the response obtained 
from 8 mg. per cent of yeast concentrate, which indicates to us that their 
action is entirely bound up with LCF. In this connection it should be 
remembered that the microbiological tests on Concentrate 27-247-D (yeast 
concentrate) indicated that whatever so called folic acid activity was 
present was probably that of vitamin B, activity and not LCF activity, 
since equal response was obtained by both test organisms, Lactobacillus 
casei € and Streptococcus lactis R. This observation thus confirms that of 
Luckey et al. (19), in that pyridoxie acid did not give any response when 
added to their liver preparations, and probably explains the results of both 
of us in that in both cases factors other than LCF were used as supple- 
ments and that for these factors pyridoxic acid is not complementary. 
These results likewise suggest a fundamental difference in the chemical 
nature of LCF and vitamin B.. 

In general our data show much greater variation in the groups for the 
calculated constants such as average cell volume, average hemoglobin 
per cell, and hemoglobin per 100 cc. of packed cells, than did those 
reported by Scott et al. (14), and are more in conformity with those re- 
ported by Campbell ef a/. (10, 11). Thus in order to interpret the effects 
of various materials on the blood picture, it is evident that more data than 
just hemoglobin values are necessary, and further detailed studies of the 
morphology and hemoglobin content of red blood cells seem likely to define 
some specific pathology involved in the deficiency described in this report. 


SUMMARY 


1. In agreement with the results of others, we have found that a purified 
diet containing all the known nutritive factors, other than “folic acid,” 
regularly produces a severe deficiency in growing chicks. This deficiency is 
characterized by very poor growth, poor feathering, a distinct anemia, and 
high mortality at 4 weeks. We have not found it necessary to include 
sulfonamides in the basal diet to induce these deficiency symptoms. 

2. Yeast extract or liver fraction L, at levels of 1 per cent, or concentrates 
prepared from the yeast extract, in amounts furnishing 22 to 44 y of vitamin 
B. activity as determined by microbiological assay, completely prevent 
the deficiency symptoms and render the basal diet complete for growing 
chicks. 

3. Neither 4- nor 5-pyridoxic acid alone improves the performance of the 
chicks on the basal ration; Lactobacillus casei e factor (LCF) from fermenta- 
tion products at a level of 50 y per cent has only a slight supplementary 
effect; but the combination of LCF and 4-pyridoxie acid induces a 
distinct response in growth and hemoglobin formation. ‘This response is 
much less than that obtained from an equal or lesser amount of vitamin 
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B. activity in the natural products. This suggests that other compounds 
of different microbiological activity may have biological activity for chicks 
on this basal diet. 

4. A study of the anemia produced by the basal diet indicates that the 
red blood cells are macrocytic and hyperchromic, a condition which is 
corrected by the combination of LCF and 4-pyridoxic acid or by the yeast 
concentrates. 


We wish to thank G. H. Kennedy and A. R. Patton of the Biological 
Laboratory for their aid and advice in carrying out the experiments re- 
ported here. 
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PARTIAL SYNTHESIS OF COMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 


I. THE STRUCTURE OF A"-LITHOCHOLENIC ACID* 
By T. F. GALLAGHER 


(From the Department of Biochemistry of the University of Chicago, Chicag® 
(Received for publication, September 8, 1945) 


In studying methods for the synthesis of steroids with an oxygen func- 
tion at carbon atom 11, Press and Reichstein (1) and McKenzie, MceGuckin, 
and Kendall (2) prepared lithocholenic acid by pyrolysis of derivatives of 
desoxycholic acid. At the time this present investigation was undertaken, 
the publications of the Swiss investigators were unavailable to us and the 
work reported was undertaken to provide evidence for the position of the 
double bond in this substance. It was known from the investigations of 
Kendall and coworkers (2) that catalytic reduction of the unsaturated acid 
yielded lithocholic acid, which proved that the carbon skeleton was unal- 
tered, that the double bond was not in a hindered position, and that the 
hydroxyl group at C-3 was not changed. 

By ozonolysis and subsequent oxidation with hydrogen peroxide it was 
possible to convert the methyl] ester acetate of lithocholenic acid (I) to the 
hitherto undescribed 24-methyl-3(a)-acetoxydesoxybilianic-11,12,24 acid 
(II). The identity of this compound was further established by oxidation 
with nitric acid to the known (3) choloidanic acid (III) (3) 4,11)/12- 
cholane-penta acid-3 ,4,11,12,24). These reactions are summarized in 
the accompanying formulas. These results prove that the position of the 
double bond is between C-11 and C-12 of the steroid nucleus. 

This conclusion has been amply substantiated by the results of Burck- 
hardt and Reichstein (4) and of Press and Reichstein (1) and by the work 
of Kendall and his associates (2,5). Since the 11 ,12,24-tricarboxylic acid 
may be of interest in other investigations, a report of the results is made 
at this time. 


EXPERIMENTAL! 


24-Methyl-3(a)-acetoxydesoxybilianic-11,12,24 Acid (II)—461 mg. of 
methyl 3(a)-acetoxy-A"-lithocholenate (m.p. 118°) were dissolved in 175 


* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago. 

1 All melting points are corrected. The microanalyses were performed by Mr. 
John De Lucia, New York. I wish to express my appreciation for this service. 


491 





$92 ADRENAL CORTICAL HORMONES. 1 


i 


ml. of dry chloroform and a 6 per cent ozone stream bubbled through the 
solution for 1 hour at room temperature. An aqueous solution of 5 per 
cent HO. was added, and the mixture shaken intermittently for 5 hours 
and allowed to stand at room temperature overnight. The chloroform 
was washed four times with water and then extracted five times with 5 per 
cent Na2,COs; solution. The NazCQ; extracts were acidified immediately 
with chilled HCl and the acids extracted with chloroform. After drying 
over Na2SO,, the chloroform was evaporated to dryness. The product 
crystallized from ethyl acetate-petroleum ether as clusters of fine needles, 
m.p. 204-206°. The first crop weighed 140 mg. and no attempt was made 


CMs F o% , 
HG -CHy-CMy-C -OCH HO HC -CHy~CHy-C -OCH, 

Oz) 

Cc. 

HO, 

3 
—_—_—— 
4cO (DP H2 O02 AcO ci) 
Wi 
6% 2 


wo NC-CHy-CHy-C-OH 





to recover further material. After two recrystallizations from dilute 
acetone the compound melted at 212-213°; fa]® = +51.5° (CHCI). 


CorHaOs 
Calculated. C 65.56, H 8.56, neutral equivalent 247, saponification equivalent 123 
Found. ** 65.68, “* 8.60, " " 249, = a 127 


3(a)-Hydroxydesoxybilianic-11 ,12,24 Acid—218 mg. of the ester (II) 
were saponified with 2 N NaOH at room temperature for 30 minutes. The 
solution was acidified under ether and extracted thoroughly with ether, and 
the ether was washed with water. Evaporation of the solvent yielded an 
oil which erystallized upon addition of ethyl acetate. The product was 
recrystallized from ether-ethyl acetate as clusters of small needles, m.p. 
259-262°; [a] 2’? = +53.5° (absolute ethanol). 


Co,Hyg07. Calculated, C 65.73, H 8.73; found, C 65.52, H 8.65 


Choloidanic Acid (111) from 24-Methyl-3(a)-acetoxydesoxybilianic-11 ,12,- 
24 Acid (11)——110 mg. of Il were mixed with 2.0 ml. of HNQOs (sp. gr. 1.40) 
Within a few minutes a relatively 
The reae- 


and warmed gently on the hot-plate. 
vigorous reaction occurred and a mass of fine crystals formed. 
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tion was completed by gentle warming on the steam bath for 14 hours and 
the crystals filtered off and washed. After one recrystallization from 
dilute acetic acid the compound melted at 314° and gave no depression 
when mixed with an authentic specimen of choloidanic acid (m.p. 311°) 
prepared from dehydrodesoxycholic acid. The higher melting point of 
the choloidanie acid from II is a more correct value, since a prolonged 
HNO, oxidation is necessary in the case of the preparation of the product 
from dehydrodesoxycholie acid. 


SUMMARY 


The position of the double bond in A"-lithocholenic acid was demon- 
strated by oxidation to the new compound 3(a)-hydroxydesoxybilianic-11 , - 
12,24 acid and the oxidation by nitric acid of this substance to the known 
choloidaniec acid. 
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PARTIAL SYNTHESIS OF COMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 
Il. SOME REACTIONS OF AN EPOXIDE OF A"-LITHOCHOLENIC ACID* 
By T, F. GALLAGHER anp WILLIAM P. LONGT 
(From the Department of Biochemistry of the University of Chicago, Chicago) 
(Received for publication, September 8, 1945) 


The preparation of A"-lithocholenic acid by Kendall and coworkers (1) 
and by Press and Reichstein (2) yields an important substance for the 
partial synthesis of steroid compounds related to adrenal cortical hormones. 
We have investigated certain reactions of the epoxide of this compound, 
since it seemed desirable to explore the possibility of introducing an oxygen 
function at C-11 of the steroid nucleus by way of this derivative. 

Both Kendall (1) and Press and Reichstein (2) have described an 11,12 
epoxide prepared by the action of perbenzoic acid on A'-lithocholenic acid 
or its derivatives. Kendall did not assign configuration to the epoxide. 
Press and Reichstein (2) designated the product 11(8),12(8)-epoxy be- 
cause of the fact that desoxycholic acid (in which the hydroxyl group 
at C-12 has 8 configuration according to Reichstein and Sorkin (3)) ean 
be isolated when the epoxide is reduced by hydrogen in the presence 
of Raney nickel under 150 atmospheres at 100°. Since the configuration 
of the hydroxyl group at C-12 in desoxycholic acid is unsettled (4), it seemed 
undesirable to assign a definite configuration to the epoxide on the basis 
of these results. 

Kendall! in earlier work had noted that when 3(a@)-hydroxy-11 , 12-epoxy- 
cholanic acid (1) was dissolved in acetic acid there was an immediate 
positive shift in rotation upon the addition of hydrobromic acid. Since the 
action of mineral acid on epoxides can lead to many compounds, depending 
upon the nature of the acid, the solvent, temperature, and other variables, it 
seemed desirable to investigate the reactioh under precisely defined condi- 


tions. For the purpose of following qualitatively the course of reaction we 


have made use of the considerable changes in optical rotation which accom- 
pany the transformations of the epoxide. Although not all of the possible 
products have been identified, our experiments indicate that the principal 
chemical changes involved when an acetone or acetic acid solution of the 


* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Devel- 
opment and the University of Chicago. 

t This paper represents a portion of a thesis submitted by William P. Long to the 
Division of Biological Sciences of the University of Chicago, in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy. 

' Kendall, FE. C., personal communication. 
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11,12 epoxide is treated with hydrobromic or sulfuric acid are the intro- 
duction of the anionic constituent at C-11 and the formation of a hydroxyl 


group at C-12. The stability of the substituent at C-11 is, however, 
markedly influenced by the experimental conditions. 
EXPERIMENTAL? 
O 
y, 
Methyl 3(a)-Acetoxy-11 ,12-epoxycholanate (I, R; = CH;—C—-; R,z = 


CHs)—This was prepared by treating a chloroform solution of methyl 3(a)- 


acetoxy-A"-cholenate (m.p. 118-120°) with excess perbenzoic acid 
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chloroform at room temperature. 


tive. 


cviii) 


Ro=H OR CHy 


The reaction was rapid and quantita- 
The chloroform was washed with sodium carbonate solution and 


with water, and, after drying with Na.SQ,, the solvent was removed in a 


partial vacuum. 


melting at 145°; [a]? = 
(toluene). 
Calculated, C 


( YerH Os. 


? The microanalyses were ellieaaed by Dr. T. 
of Chemistry of the University of Chicago, and by Dr. 
American Medical Association, Chicago, Illinois. 
All melting points are corrected. 


tion for this service. 


72.61, H 9.48; found (T. 8 


Crystallized from acetone the epoxide formed prisms 
= +57° (acetone or acetic acid); [a]??> = +26° 


wad C 72.49, H 9.17 
5S. Ma (r. 8S. M. ), Dapertendill 
Amel Menotti (A. M), 
We wish to express our apprecia- 
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Methyl 3(a)-Hydroxy-11 ,12-epoxycholanate (I, R; = H; R, = CH;)—This 
was prepared in a similar fashion to that of the previous compound from 
methyl 3(a)-hydroxy-A"-cholenate (m.p. 101—103°). Upon recrystalliza- 
tion from petroleum ether and from dilute methanol it formed clusters of 
small plates which melted at 101—103°; [a] = +44° (acetone or acetic 
acid); +12° (toluene). 

3(a)-Hydroxy-11,12-epoxycholanic Acid (I, R, and R. = H)—This was 
prepared by saponification at room temperature with aqueous alcoholic 
KOH of either of the two preceding products. After recrystallization from 
ethyl acetate-petroleum ether, the compound formed needles, m.p. 164- 
165°; [a]> = +44° (acetic acid); +40.2° (acetone or ethanol); +20.5° 
(toluene). 

Methyl 3(a)-Acetoxry-11(8)-bromo-12(a)-hydroxycholanate (II, Ry = 

O 


VA 
CH;—-( oe R, = CH;)—1.109 gm. of methyl 3(a)-acetoxy-11 , 12-epoxy- 
cholanate were dissolved in 20 ml. of redistilled acetone. 5.0 ml. of 0.72 N 
hydrobromic acid in acetone were added and the mixture allowed to stand 
at room temperature for 15 minutes. In this experiment the rotation was 
not measured but in a number of other instances the specific rotation 
(calculated from the weight of oxide taken for the determination*®) im- 
mediately rose to +80°. The acetone solution was diluted with a rela- 
tively large amount of ether and washed six times with water. The 
combined water washings were titrated with 0.1 N alkali to the phenol- 
phthalein end-point and 13.0 ml. were consumed. The reaction of the 
oxide with HBr used, therefore, 2.3 ml. of N HBr or 92 per cent of the 
theoretical amount. This is in agreement with other experiments in which 
the acetone solution was directly titrated with standard base. The ether 
was removed at room temperature, and the residue dried in an evacuated 
desiccator over P.O;. Upon crystallization from a mixture of ether and 


3 The marked dextrorotatory shift when the epoxide reacts with HBr in either 
acetone or acetic acid solution is probably due to the simultaneous formation of 
small amounts of 3(@),12-dihydroxy-A®:"-cholenic acid or its derivatives, includ- 
ing the 12-acetoxy derivative, since the observed rotation of the bromohydrin 
is too small to account for the increase. This explanation is consistent both 
with the isolation of this compound from the reaction in acetic acid in the presence 
of H.SO, and with the fact that the amount of HBr which reacts with the epoxide in 
either acetone or acetic acid is slightly less than 95 per cent of the theoretical amount. 
The fact that this side reaction takes place to a lesser extent in acetone than in acetic 
acid, measured by change in rotation, is to be ascribed to the greater acid strength 
of HBr in acetic acid. In agreement with this explanation, increasing the concen- 
tration of H.SO, in acetic acid should markedly accelerate this reaction, a fact which 
is in accord with the observed changes in rotation. 








498 ADRENAL CORTICAL HORMONES. II 


60-70° petroleum ether the compound formed clusters of prisnis, ii.p, 
137.5-139°; [a]? = +54.2° (absolute ethanol). 


C.;H,O;Br. Calculated, C 61.47, H 8.26; found (A. M.), C 61.60, H 8.36 


When the bromohydrin, dissolved in acetone, was titrated with aqueous 
alkali, the theoretical amount of base was consumed and the epoxide re- 
formed. The product was identical with the starting material and gave 
no depression of melting point on admixture. 

3(a) ,12(a)-Dihydroxy-11(8)-bromocholanic Acid (UIT, R, and Ry = H) 
515.6 mg. of 3(a)-hydroxy-11,12-epoxycholanic acid were dissolved in 49 
ml. of acetone, 1.0 ml. of 48 per cent HBr added, and the mixture allowed 
to stand 20 minutes at room temperature. The solution was poured into 
ether and extracted thoroughly with water. After drying over NaSO, 
the ether was removed at room temperature under diminished pressure. 
The product crystallized from a mixture of ether and 90-100° petroleum 
ether. After four recrystallizations from ethyl acetate-petroleum ether, 
the bromohydrin formed clusters of prisms which melted sharply at 142.5°; 
{a}?! = +54.2° (absolute ethanol). 

CyH,,0,Br. Caleulated, C 61.14, H.8.34, Br 16.95; found, C 61.04, H 8.30, Br 16.74 


0 
a 
Methyl 3(a)-Acetory-11(8)-bromo-12-ketocholanate (IIIT, Ry = CH;—'—; 
Re, = CH;)—210 mg. of the bromohydrin (methyl 3(@)-acetoxy-11()- 
bromo-12(a)-hydroxycholanate) were dissolved in 10 ml. of stable glacial 
acetic acid and 3.0 ml. of 0.56 N CrQs in acetic acid added. The reaction 
mixture stood at room temperature for 4 hours and the excess CrO; was 
reduced by the addition of methanol. The mixture was poured into ether 
and extracted thoroughly with water, sodium carbonate, dilute bydro- 
chlorie acid, and finally with water. Upon evaporation of the ether solu- 
tion under diminished pressure at a temperature not exceeding 35°, the 
product crystallized. It was recrystallized from an ethyl acetate-petro- 
leum ether mixture as well formed needles, m.p. 162-164°; [a] = + 41.4° 
(absolute ethanol). 


C.,H,O;Br. Caleulated. C 61.71, H 7.86, Br 15.21 
Found (T.S.M.). ‘* 61.96, ‘“* 7.82, “* 14.80 
0 

a 


JY 
Y 


Methyl 3(a)-Acetoxy-12-ketocholanate (IV, Ry = CH;—C—; Rz = CHs) 
71 mg. of methyl 3(@)-acetoxy-11(8)-bromo-12-ketocholanate were dis- 
solved in 2.5 ml. of glacial acetic acid and boiled for 1 hour under a reflux 


4 Microanalysis by Dr. Joseph Alicino, The Squibb Institute for Medical Research. 
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with 50 mg. of zine dust. After filtration the solution was diluted with 
ether and extracted thoroughly with sodium carbonate solution and with 
water. The ether was removed and the product crystallized from dilute 
ethanol. After one recrystallization it melted at 145-147°. Upon admix- 
ture with an authentic specimen of methyl 3(a)-acetoxy-12-ketocholanate 
(m.p. 150-151°) there was no depression of the melting point. 

Reaction of 11,12 Epoxide with Concentrated H»SO, in Acetone—Within a 
short time after the addition of H2SO, to an acetone solution of the 11,12 
epoxide there is an increase in specific rotation and parallel with this a 
decrease in titratable acidity (Fig. 1). The rotati® falls progressively 
with time and concomitantly the titratable acidity increases. The prod- 
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Fic. 1. Mutarotation of 11,12 epoxide in 0.07 x H,.SO, in acetone. @, methyl 
3(a)-acetoxy-11,12-epoxycholanate; O, methyl 3(a)-hydroxy-11, 12-epoxycholanate; 
®, 3(a)-hydroxy-11, 12-epoxycholanie acid. 


ucts obtained are unsaturated, as shown by titration with perbenzoic acid, 
and there was likewise a slight reaction with lead tetraacetate. No 
crystalline products were obtained. 

Reaction of 11,12 Epoxide with Hydrobromic Acid in Acetic Acid—An 
acetic acid solution of hydrobromic acid was prepared by dissolving a 
carefully weighed amount of 48 per cent aqueous hydrobromic acid in 
glacial acetic acid. The stock solution was then diluted with glacial acetic 
acid to the desired molarity of HBr. The epoxide was dissolved in glacial 
acetic acid, slightly more than the calculated amount of the hydrobromic 
acid introduced, and the solution made to volume. Polariscope readings 
were then tgken at suitable intervals thereafter until the rotation reached 
a constant value (Fig. 2). 
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Estimations of the amount of hydrobromic acid present after reaction 
with the epoxide were made in the following manner. A series of dilutions 
of hydrobromic acid was prepared equivalent to from 1.0 to 14.0 ml. of 
0.01 m HBr in 10 ml. of acetic acid. o-Nitroaniline was used as the indi- 
cator and a standard reference curve of the relation between color and 
hydrogen ion concentration constructed from the galvanometer readings 
of an Evelyn photoelectric colorimeter. It was necessary to have a 
constant concentration of indicator per ml. of solution and, for the most 
accurate results, to use the range between 1.0 and 7.0 ml. of 0.01 m HBr per 
10 ml. of acetic ald. The accuracy of the procedure was checked by 
titration of the hydrobromic acid with a standard solution of anhydrous 
sodium acetate in glacial acetic acid; estimations could be made with an 
error of approximately 3 per cent, which was adequate for the investigation. 

The epoxide reacts with 95 per cent of the theoretical amount of hydro- 








+50° 





HOURS 


Fic. 2. Mutarotation of methyl 3(a@)-acetoxy-11,12-epoxycholanate in acetic 
acid in the presence of a considerable molar excess of H.SO, and HBr. @, H,S0O,; 
O, HBr. 


bromic acid, the reaction being identical with that in acetone. We did not 
attempt the isolation of the bromohydrin from this reaction, but a satis- 
factory proof for the initial formation of this compound was obtained by 
the isolation of methyl 3(a)-acetoxy-11(8)-bromo-12-ketocholanate. An 
excess of the hydrobromic acid was added to an acetic acid solution of 
methyl 3(a)-acetoxy-11,12-epoxycholanate and after a few minutes an 
excess of CrO; was introduced. The reaction mixture stood at room 
temperature for 4 hours. When the product was isolated as before, it 
proved to be methyl] 3(a)-acetoxy-11(8)-bromo-12-ketocholanate, identical 
in all respects with the compound obtained by oxidation of the bromo- 


hydrin. 

When methyl! 3(a)-acetoxy-11 ,12-epoxycholanate was allowed to stand 
in acetic hydrobromic acid solution until the rotation had fallen to + 60° 
(30 hours), it proved impossible to isolate a crystalline product. 

Reaction of 11,12 Epoxide with Sulfuric Acid in Glacial Acetic Acid—In 
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the presence of excess sulfuric acid, the rotation rises immediately and 
within a short interval begins to fall again. This abrupt change is not 
accompanied by a change in acidity measured as before. Similar changes 
in rotation are observed with less than equimolar amounts of sulfuric acid. 
With less than equivalent amounts of sulfuric acid the reaction proceeds for 
about 2 hours, after which the specific rotation remains constant (Fig. 3). 
The products isolated from this experiment are nevertheless a mixture. 
Caution must be observed in working up the products, for, if the material 
is heated upon the steam bath, the oily residue becomes yellow and the 
specific rotation falls toa much lower value. This change can be prevented 
by removing the solvents under diminished pressure at room temperature. 

593.3 mg. of methyl 3(@)-acetoxy-11,12-epoxycholanate (1.33 mM) in 
10 ml. of glacial acetic acid with 0.0957 mm of sulfuric acid stood at room 
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HOURS 
Fic. 3. Mutarotation of 11,12 epoxide in 0.01 mM H.SQ, in acetic acid. @, methyl 
3(a)-acetoxy-11,12-epoxycholanate with 0.28 mole of H.SO, per mole of epoxide; 
O, methyl! 3(@)-hydroxy-11,12-epoxycholanate with 0.29 mole of H.SO, per mole of 
epoxide; @, 3(a@)-hydroxy-11,12-epoxycholanic acid with 0.23 mole of H.SO, per 


mole of epoxide. 


temperature for 33 hours. The rotation at this time was [a], = + 120°. 
The solution was poured into ether and washed twenty times with H,O. 
The ether solution was dried over Na.SQO,, the ether distilled off below 
28° (bath temperature), and the oily residue dried in the presence of P.O; at 
room temperature. 605 mg. of colorless oil, [a], = +119°, were obtained. 
This material had « saponification equivalent of 190 after 2 hours boiling 
with base. It reacted with perbenzoic acid at room temperature, 48.4 mg. 
consuming 0.71 mg. of active oxygen in 24 hours. 

These results indicated that the reaction resulted in part in an acetolysis 
of the epoxide catalyzed by hydrogen ion. Since by analogy to the reaction 
of the epoxide with HBr the acetoxy grouping should have been introduced 
at C-11, the mixture was carefully investigated for the presence of this 
compound. 5.4 gm. of methyl 3(a)-acetoxy-11,12-epoxycholanate were 
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dissolved in 200 ml. of glacial acetic acid, 4.0 ml. of 0.958 m H»SO, in glacial 
acetic acid added, and the mixture allowed to stand at room temperature 
for 34 hours. At this time the specific rotation (calculated from the epox- 
ide) was +114°. The solution was poured into ether, washed with twenty 
successive portions of water, dried over Na2SQ,, and the ether removed 
under diminished pressure at 30°. The residual oil was thoroughly dried 
in a desiccator, dissolved in 70 ml. of a mixture of benzene-petroleum ether, 
2:3, and poured over a column of 50 gm. of activated Al,O;. The fractions 
collected are given in Table I. 

3(a) ,12-Dihydroxy-A®:"-cholenic Acid (V, Ry = H; R, = H)—Fraction 
1 was rechromatographed over 50 gm. of Al,O; with petroleum ether alone 
as the solvent. 1000 ml. of this solvent eluted in the initial fraction 500 mg. 
of an oily substance; [a], = +180°. Several other fractions were eluted, 
but, since the rotation was slightly lower, these were considered mixtures 
and were not further investigated. Two duplicate portions each con- 


TABLE I[ 


Chromatographic Separation of Acetolysis Products 


i “on Solvent Ratio Volume bc [e], 
mi. gm. degrees 

l Benzene-petroleum ether 2:5 200 2.9 +158 

2 i 1“ 3:1 2000 1.4 +60 

3 Ether 1300 0.6 +55 

{ Methanol ‘ 150 0.2 +45 


taining 200.4 mg. of the oil were saponified with 0.25 Nn NaOH in ethanol 
for 2 hours under a reflux. The saponification equivalent was 208. The 
neutral solution was acidified under ether, and the acid extracted with 
ether, washed, and evaporated to dryness. Upon solution in acetone- 
benzene mixture crystals deposited on standing, m.p. 168-180°; [a] = 
+99.3°. Reerystallized from ethanol the compound melted at 166-—170°. 
Recrystallized from ethyl acetate-petroleum ether it sintered at 149° and 
melted at 178-184° with some preliminary softening. 2.7 mg. dissolved 
in 2.0 ml. of acetic acid containing a very small amount of H.SO, gave a 
specific rotation of +237° when read 8 minutes after mixing. 


Co,HssO,. Calculated, C 73.81, H 9.81; found (A. M.), C 74.78, H. 10.43 


A sample of the compound was sent to Dr. E. C. Kendall for comparison 
with his compound, 3(a@) ,12-dihydroxy-A’:"'-cholenic acid. Dr. Kendall 
reported that there was no depression on admixture with an authentic 
specimen of 3(a),12-dihydroxy-A’:"-cholenic acid, and, since he and his 
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coworkers have reported a similar marked increase in rotation when their 
compound was treated with mineral acid in acetic acid solution, there can 
be little doubt that the two substances are identical. 

3(a) ,12(a)-Dihydroxy-11(8)-acetoxycholanic Acid (V1I)—Fractions 2, 3, 
and 4 from the initial chromatogram were combined and chromatographed 
over 50 gm. of Al,O;. A small amount of high rotatory component was 
removed by elution with benzene and then 1.29 gm., [a], = +45°, were 
removed with 400 ml. of benzene-ether, 3:2. This material failed to 
crystallize under a variety of conditions. Two duplicate portions each 
containing 190 mg. were hydrolyzed by boiling with 7.0 ml. of 0.25 N 
NaOH in 50 per cent ethanol for 2 hours. The saponification equivalent 
was 279. The solution of the sodium salt was added to dilute H.SO, 
dropwise with stirring at 50°. After cooling to room temperature, the 
crystalline product was filtered off and recrystallized from dilute ethanol. 
Needles melting at 148-160° were obtained. After three recrystalliza- 
tions from dilute ethanol the melting behavior was unchanged. After re- 
crystallization from ethyl acetate-petroleum ether the product formed 
clusters of fine needles melting at 202-230°. After four further recrystalli- 
zations from this mixture the melting point remained constant at 232- 
233°; [a]* = +52° (95 per cent ethanol). 


CoH wOs. Calculated, C 69.30, H 9.40; found (A. M.), C 69.15, H 9.60 


34.5 mg. dissolved in 1.6 ml. of 0.624 n KOH in 30 per cent ethanol 
and heated under a reflux for 3 hours consumed 0.152 ml. of N base, or a 
saponification equivalent of 227. Calculated for CosH420¢ (2 equivalents), 
226. 

O 
Vi 

Methyl 3(a)-Acetory-11 ,12-diketocholanate (VIIT, Ry = CH;—C—-; R, = 
CH;)—In subsequent experiments with larger quantities of epoxide for 
the acetolysis a third component of the reaction mixture was separated 
from the lower dextrorotatory fraction. This product was more strongly ad- 
sorbed on Al,O; than methyl] 3(a@),11(8)-diacetoxy-12(a)-hydroxycholanate. 
Elution with ethyl acetate yielded an oil; [a], = +45°. 1.5 gm. of this 
product, dissolved in 20 ml. of stable glacial acetic acid, were oxidized 
with 30 ml. of 0.78 N CrOs in acetic acid at room temperature for 30 minutes. 
Excess CrO; was reduced with methanol, and the solution diluted with 
ether and extracted with water. The ether solution was washed with 
NaHCO; solution and with water. After drying over Na2SO,, the ether 


5 Dr. Kendall likewise informed us that 3(@),12-dihydroxy-A*®:"'-cholenic acid 
forms relatively stable choleic acids with benzene, which may account for our high 
earbon figure. We are grateful to Dr. Kendall for his assistance. 
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was removed and 910 mg. of neutral material obtained. This was purified 
by chromatographing over 15 gm. of Al,O;. Elution with benzene-pe- 
troleum ether, 3:1, yielded an oily fraction which deposited 180 mg. of 
crystals melting at 181-186°. Further elution of the column yielded only 
oily products. The compound was recrystallized from ethyl acetate- 
petroleum ether and after four recrystallizations had a constant melting 
point of 197-198°; [a]7! = +129° (ethyl acetate). 


CopHyoOe. Calculated, C 70.40, H 8.75; found,’ C 70.51, 70.23, H 8.93, 8.81 


DISCUSSION 


The 11,12 epoxide of lithocholenic acid obtained by means of perbenzoic 
acid reacts with hydrobromic acid to form a bromohydrin the structure 
of which was 3(a),12-dihydroxy-1l-bromocholanic acid. Since the 
opening of an oxide ring is with few exceptions accompanied by inversion 
of one of the substituents, the probability is strong that in the bromohydrin 
the halogen atom at C-11 and the hydroxyl group at C-12 are trans with 
respect to one another. It has been demonstrated by Kendall (1) that 
this same epoxide can be converted to desoxycholic acid by catalytic re- 
duction in the presence of hydrochloric acid. The results of the investi- 
gation reported here demonstrate the intermediate formation of the 
11-halogen-12-hydroxy derivative in the reduction so that the hydroxyl 
group at C-12 of this halohydrin must have the same configuration as 
the C-12 hydroxyl group of desoxycholic acid. 

On the basis of Giacomello’s (5) x-ray measurements of desoxycholic 
acid Koechlin and Reichstein (4) have provisionally designated the C-12 
hydroxy] group as 8; that is, cis with respect to the methyl group at C-10 
(formula LX). 


CH; O 
H | Vi 
O HC—CH:—CH:—C 
| \ 
i ad OH 


a? il 
| HW | H 
a a eal 
HO 
; (IX) 


If this formulation is correct, then the bromohydrin described in this 
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paper should be designated 3(a),12(8)-dihydroxy-11(a)-bromocholanic 
acid with the structure X. 
CH, O 


H WA 
O HC- -CH:—CH:—C 


Be oy a oes 


AVY 
| H 


+ P w, 
HO 
(X) 


On the basis of work reported in Paper IV of this series (6), we had 
concluded that the C-12 hydroxyl group of desoxycholie acid has the a 
configuration and for this reason we had initially not assigned configuration 
to the halogen derivatives at C-11 and the hydroxyl group at C-12 in the 
present paper. After this manuscript had been prepared, however, we 
have had access to more recent publications of Reichstein and his col- 
laborators which have necessitated a discussion of the configuration of 
these compounds. 

Seebeck and Reichstein (7) have prepared two crystalline epimers from 
the bromination of 3(a)-acetoxy-12-ketocholanic acid. These were con- 
verted to the methyl esters which were described as follows: 

Mp. [aly (CHC) 


Cc. degrees 
Methyl 3(a)-acetoxy-11(8)-bromo-12-ketocholanate ..... . 160-161 +37.5 
‘€  3(a)-acetoxy-11(a@)-bromo-12-ketocholanate...... . 159-161 +47.3 


For other purposes we had independently prepared these same two com- 
pounds by a different procedure and therefore both substances were avail- 
able for comparison. While the two epimers differ only slightly in melting 
point and rotation, it seems unquestionable that the methyl 3(a)-acetoxy- 
11(8)-bromo-12-ketocholanate (III) which we have described in the present 
communication with a melting point of 162-164° and [a] = +41.4° 
in absolute ethanol is identical with the 11(8)-bromo ester reported by 
Seebeck and Reichstein.® 


6 We have since verified this conclusion by dehydrobromination of the compound 
with pyridine. In agreement with the findings of Seebeck and Reichstein the com- 
pound is converted in excellent yield to methyl 3(a)-acetoxy-12-keto-A®:''-cholenate 
(m.p. 148-149°; e400 = 10,600) after 3 hours heating. The 11(a) epimer is recovered 
unchanged under these conditions. 
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Seebeck and Reichstein assigned the 8 configuration to the halogen at 
C-11 of the compound under discussion after comparison of the ease of 
dehydrobromination of the two bromo ketones epimeric at C-11. The 
11(8)-bromo compound readily lost HBr to form methyl 3(a)-acetoxy- 
12-keto-A’:'"'-cholenate when it was warmed with pyridine, whereas 
the 11(a@) compound was recovered unchanged from the same treatment. 
It is to be expected that a trans configuration of the hydrogen atom at 
C-9 and the halogen at C-11 would favor the removal of these substituents 
as HBr. Since it is most probable (8) that the hydrogen at C-9 is trans 
to the angle methyl group at C-10, the epimer which was readily converted 
to the a,8-unsaturated keto acid was assigned the 8 configuration at 
C-11. In Paper IV of this series (6) we shall offer further evidence for 
the validity of the configuration of the halogen at C-11. We therefore 
believe that certainty can be attached to the configuration which Seebeck 
and Reichstein have given the two C-11 epimers of methyl 3(a)-acetoxy- 
11-bromo-12-ketocholanate. For the further discussion then we shall 
assume that the configuration of the halogen at C-11 is established. 

Therefore, if the structure of the bromohydrin obtained by treatment 
of the epoxide of A''-lithocholenic acid is 3(a@) ,12(8)-dihydroxy-11(8)- 
bromocholanic acid, either of two conclusions must be drawn. These 
are (a) that the opening of the epoxide has occurred without inversion, 
or (b) that the configuration of the hydroxyl at C-12 has been incorrectly 
assigned by Koechlin and Reichstein (4). The first conclusion, while not 
impossible, is unlikely. It is therefore necessary to review the evidence 
which bears upon the second conclusion. Koechlin and Reichstein (4) 
have presented valuable information in this regard. Comparison of the 
velocity of saponification of the two epimeric methyl 3-keto-12-acetoxy- 
cholanates established the fact that the ester epimeric at C-12 was much 
more readily hydrolyzed than the analogous compound in which the C-12 
hydroxyl had the configuration of that of desoxycholic acid. The length 
of the side chain exerts considerable influence on the velocity of saponifica- 
tion of the ester at C-12, as shown by comparison of the cholanic acid 
derivatives with the corresponding etio acid (9) which is considerably 
more readily saponified. These authors (4) state then, “Dieser starke 
Einfluss der Seitenkette wire am besten verstindlich, wenn sich die 12- 
stindige Hydroxylgruppe und die Methingruppe Nr. 17 in cis-Stellung 
zueinander befinden (also OH und Methyl Nr. 18 trans-stindig) ...” 

These authors likewise attempted to prepare a 6-lactone from bisnor- 
desoxycholie acid by heating it in tetralin and by vacuum distillation at 
300°. They were unsuccessful in these attempts, and, although they 
were unwilling to assign a definite configuration to the C-12 hydroxyl 
group and the side chain on the basis of a negative result, they nevertheless 
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indicate that their experimental findings are in agreement with the formula- 
tion of desoxycholic acid as either XI or XII in which the hydroxyl group 
at C-12 and the side chain at C-17 are in trans position to each other. 
Despite these results, the Swiss investigators provisionally accepted the 
formulation of Giacomello and have adopted the 8 configuration for the 
(-12 hydroxyl group of desoxycholie acid (XII). 





CH; O 
H | O 
O HC—CH.—CH.—C 
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Our experimental results are in better agreement with the conclusion 
that the C-12 hydroxyl group of desoxycholic acid has the a configuration 
and there is no contradictory evidence from Reichstein’s work. The 
11,12 epoxide with HBr yields a 3(q) ,12-dihydroxy-11(8)-bromocholanic 
acid which can be catalytically reduced to desoxycholic acid (1). Since 
the opening of the oxide should yield substituents at C-11 and C-12 in 
trans configuration to each other and since the halogen at C-11 has been 
shown to have the 11(8) configuration, it follows that the hydroxyl at 
C-12 of desoxycholic acid has a configuration. Therefore the correct 
structure of desoxycholic acid, 3(a),12(a)-dihydroxycholanie acid, is 
shown in XI. 

Accordingly, then, the bromohydrin obtained by opening the epoxide 
ring is 3(a),12(a)-dihydroxy-11(8)-bromocholanic acid (II), and, since 
the opening of the epoxide ring should proceed in the same fashion with 
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acetic acid as with hydrobromic acid, the amorphous product of acetolysis 
should be methyl 3(a),11(8)-diacetoxy-12(a)-hydroxycholanate (VI). 
Examination of molecular models reveals that this is the more hindered 
configuration at C-11, which is in accord with our finding that 2 hours 
hydrolysis with boiling 0.25 n NaOH yielded the crystalline 3(a) , 12(a)- 
dihydroxy-11(8)-acetoxycholanic acid (VII). 

The formation of both methyl 3(@)-acetoxy-12-hydroxy-A° :''-cholenate 
(V) and the glycol, methyl 3(a)-acetoxy-11,12-dihydroxycholanate, as 
well as the acetolysis product, methyl] 3(a) , 11(8)-diacetoxy-12(a)-hydroxy- 
cholanate (VI), in the reaction of the epoxide with acetic acid in the pres- 
ence of H.SO, indicates the complexity of the reaction. These substances, 
however, represent the principal products. The formation of methyl 
3(a)-acetoxy-12-hydroxy-A*"'-cholenate is quite readily explained on the 
basis of the configuration we have assigned to the compounds formed by ° 
the fission of the epoxide ring. If the elements either of water or of sulfuric 
acid are added to the epoxide, the substituent at C-11 is trans to the hy- 
drogen at C-9 and is more labile in this configuration. It is to be expected 
that the elements of water or sulfuric acid would be readily lost under the 
influence of the sulfuric acid present in the mixture. With higher acid 
concentration this reaction should take place more rapidly and completely. 
A strongly dextrorotatory substance, very probably methyl 3(a)-acetoxy- 
12-hydroxy-A’:''-cholenate, was the principal reaction product in the 
presence of higher concentrations of strong acid. This finding is further 
evidence for the configuration we have assigned to the substituents at 
C-11. 


We wish to express our appreciation of the technical assistance given 
us by Miss Joanna Xenos. 


SUMMARY 


1. The 11,12 epoxide formed from A"-lithocholenic acid has 11 (a) , 12(a) 
configuration. 

2. The epoxide reacts with hydrobromic acid to form a bromohydrin 
in which the halogen is at C-11. 

3. The configuration assigned this compound is 3(a) , 12(a)-dihydroxy- 
11(8)-bromocholanic acid. 

4. The configuration of the C-12 hydroxyl group of desoxycholic acid 
is discussed and the conclusion drawn that this has the a configuration or 
trans to the angle methyl groups at C-10 and C-13. 

5. When the 11,12 epoxide of A"-lithocholenic acid reacts with acetic 
acid in the presence of sulfuric acid, at least three compounds are formed. 
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These have been identified as 3(a@),12-dihydroxy-A*"-cholenic acid, 
3(a),11,12-trihydroxycholanie acid, and 3(a),12(a)-dihydroxy-11(8)- 
acetoxycholanic acid. 
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PARTIAL SYNTHESIS OF COMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 
lil. PREPARATION OF 3(a@),11(@)-DIHYDROXYCHOLANIC ACID* 


By WILLIAM P. LONG anv T. F. GALLAGHER 


(From the Department of Biochemistry of the University of Chicago, Chicago) 
(Received for publication, September 8, 1945) 


In Paper II we (1) have shown that methyl 3(a@)-acetoxy-11 , 12- 
epoxycholanate undergoes fission of the epoxide ring with the introduction 
of the anionic constituent at C-11. The products of such reactions offered, 
we felt, a possible route to the preparation of 3(a) ,11-dihydroxycholanic 
acid. 

Marker and Lawson (2) prepared 3(a@),11-dihydroxy-12-ketocholanic 
acid by bromination and subsequent alkaline hydrolysis of 3(a@)-acetoxy- 
12-ketocholanic acid. They could not reduce the product by the Clemmen- 
sen method but were able to obtain a crude semicarbazone. They state 
that Wolff-Kishner reduction was also unsuccessful, although no details 
of procedure or products were given. Longwell and Wintersteiner (3) 
reinvestigated the problem and were unable to secure the semicarbazone 
described by Marker and Lawson. These authors could not obtain either 
a hydrazone or an oxime and upon treatment of the 3(a@) , 11-dihydroxy-12- 
ketocholanic acid with sodium ethylate and hydrazine hydrate at 200° 
both oxygen atoms in Ring C were eliminated. Marker, Shabica, Jones, 
Crooks, and Wittbecker (4) repeated the reduction of 3(a) , 11-dihydroxy- 
12-ketocholanic acid, using the method employed by Longwell and Win- 
tersteiner, and obtained a product characterized as 3(a) ,11,12-trihydroxy- 
cholanic acid. Although it appeared from these results that the reduction 
of a 12-keto bile acid with a hydroxyl group at C-11 would not yield the 
desired product, there were at least two reasons for investigating this 
problem. It was possible (1) that the structure of the compound prepared 
by Marker and Lawson was not that assigned by these authors, or (2) 
that, if the structure were correct, the epimeric compound with the C-11 
hydroxyl group in the opposed configuration would react with ketonic 
reagents and permit reduction of the carbonyl group. The experiments 
recorded here were undertaken to explore these possibilities. 


* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago. 

t This paper represents a portion of a thesis submitted by William P. Long to the 
Division of Biological Sciences of the University of Chicago, in partial fulfilment of 
the requirements for the degree of Doctor of Philosophy. 
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Since the preparation of methyl 3(a),11(8)-diacetoxy-12(a)-hydroxy- 
cholanate by acetolysis of the 11,12 epoxide gave poor yields, a series of 
experiments was performed in an attempt to improve the conditions, 
Methyl 3(a)-acetoxy-11,12-epoxycholanate reacts with acetic acid at 
100° in the absence of mineral acid, as measured by the change in rotation, 
but, since much unchanged epoxide could be recovered after 1 to 2 hours 
heating, it appeared that these conditions favored the formation of methyl 
3(a)-acetoxy-12-hydroxy-A*"'-cholenate (or the 12-acetate of this com- 
pound) and this method was abandoned in favor of the acid-catalyzed 
reaction described in Paper II (1). 

Trial experiments in which rotation alone was measured gave the fol- 
lowing results: When higher concentrations (0.02 m) of anhydrous per- 
chloric acid were added to an acetic acid solution of the epoxide, the rotation 
increased to + 170° immediately; with smaller concentrations (0.002 m) 
the same rotation was observed after 1 hour at room temperature. These 
results demonstrated that the conversion of the epoxide to the A®" acid 
was more rapid at high hydrogen ion concentration than the acetolysis. 
A series of experiments was carried out with small amounts of sulfuric 
acid (1.2 X 10 m), the solution of the epoxide being heated to boiling 
for from 10 to 20 minutes. The procedure gave relatively large amounts 
(50 to 60 per cent) of methyl 3(a)-acetoxy-12-hydroxy-A*"-cholenate and 
from 15 to 20 per cent of methyl 3(a)-acetoxy-11 , 12-dihydroxycholanate, 
while the yield of the desired methyl 3(a) , 11(8)-diacetoxy-12(a)-hydroxy- 
cholanate was small and variable. When the reaction was studied at 0° 
with higher acid concentration (1.25 K 10- to 4.6 X 10°? m), the for- 
mation of methyl 3(a)-acetoxy-12-hydroxy-A®"-cholenate was found 
to be less than when the reaction was conducted at higher temperatures. 
The yield of the acetolysis product was not markedly higher when cal- 
culated from the amount of epoxide used for the experiment. Since, 
however, some 40 to 50 per cent of unchanged oxide could be recovered 
after 18 hours, this appeared to be a more economical procedure and a 
minor modification of these conditions was used for the acetolysis. A 
typical procedure is described in the experimental section. These ex- 
periments were complicated by our failure to obtain methyl 3(a) ,11(8)- 
diacetoxy-12(a)-hydroxycholanate in a crystalline state, and, for this 
reason, estimates of the yield of this compound were based on the amount 
of crystalline methyl 3(a),11(8)-diacetoxy-12-ketocholanate obtained 
after chromic acid oxidation. 

An alternative method for the preparation of an 11l-acetoxy derivative 
in which methyl 3(a)-acetoxy-11(8)-bromo-12-ketocholanate was treated 
with potassium acetate in methanol solution yielded only unchanged 
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starting material and small amounts of amorphous product. The action 
of silver acetate on methyl 3(a)-acetoxy-11(8)-bromo-12(a@)-hydroxy- 
cholanate was investigated. A portion of the material was converted to 
the 11,12 epoxide, while the remainder underwent loss of HBr with the 
formation of methyl 3(a)-acetoxy-12-hydroxy-A’:"'-cholenate. 


EXPERIMENTAL! 


Reaction of Methyl 3(a)-Acetoxy-11(8)-bromo-12(a)-hydroxycholanate with 
Silver Acetate—3.0 gm. of methyl 3(a)-acetoxy-11,12-epoxycholanate were 
dissolved in 50 ml. of acetone and 8.0 ml. of 1.5N HBr added. After 15 min- 
utes the solution was neutralized with 11.5 ml. of 0.6 N NaOH. The bromo- 
hydrin was extracted with ether, washed with water, and, after drying 
over Na2SQ,, the ether was removed under diminished pressure at 30°. 
The oily residue was thoroughly dried in the desiccator, dissolved in 200 
ml. of glacial acetic acid, and shaken mechanically for 15 hours with 1.9 
gm. of powdered silver acetate. The solution was decanted into ether 
and washed with water, dilute HNO;, 5 per cent NaHCO, solution, and 
finally with water. After removal of the ether and crystallization from 
dilute methanol 1.84 gm. melting at 142-143° were obtained. No de- 
pression was found on admixture with methyl 3(a)-acetoxy-11 , 12-epoxy- 
cholanate. When dissolved in acetic acid in the presence of H2SO,, the 
compound showed the typical mutarotation of the epoxide. 

The mother liquors yielded a second crop of 550 mg. of crystals, m.p. 
81-85°, which on recrystallization from dilute acetone melted unsharply 
at 83-106°; [a]?4 = +105° (acetic acid). When a trace of concentrated 
H,SO, was added, the rotation promptly shifted to [a]?4 = +210°. 46.2 
mg. in 1.0 ml. of absolute ethanol and 1.0 ml. of 1.5 n KOH were boiled 
under a reflux for 4 hours and a saponification equivalent of 228 was ob- 
tained; calculated for Cs;HO; (2 equivalents), 224. Both the optical 
behavior and the saponification are consistent with methyl 3(a)-acetoxy- 
12-hydroxy-A’ :"'-cholenate. 

Methyl 3(a)-Acetoxy-12-keto-A’ ''-cholenate—50 mg. of methyl 3(a)- 
acetoxy-12-hydroxy-A’:"-cholenate were dissolved in 1.0 ml. of pure glacial 
acetic acid, 0.5 ml. of 1.32 nN CrOs in acetic acid was added, and the mix- 
ture stood at room temperature 20 minutes. Methanol was added and the 


solution diluted with water. The ether was washed with water, 5 per 


cent NaHCO; solution, and again with water. Removal of the ether 


‘All melting points are corrected. The microanalyses were performed by Dr. 
Amel Menotti (A. M.), American Medical Association, Chicago, and by Dr. Joseph 
Alicino (J. A.) of The Squibb Institute for Medical Research, New Brunswick, New 
Jersey. We wish to express our appreciation for this service. 
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yielded 44 mg. of crystals, m.p. 143-145°. After four recrystallizations 
from methanol it formed rectangular prisms, m.p. 149-150°. 


Co7HyO;. Caleulated, C 72.77, H 9.05; found (J. A.), C 72.31, H 8.64 


The product had the characteristic absorption spectrum of an a,6-un- 
saturated ketone; €o399 = 11,700. 

Methyl 3(a) ,11(8)-Diacetoxy-12-ketocholanate—190 mg. of methyl 3- 
(a) ,11(8)-diacetoxy-12-hydroxycholanate (amorphous, [a], = + 45°), 
obtained by the method used in Paper II (1), were dissolved in 3.0 ml. of 
pure glacial acetic acid, 7.0 ml. of 0.53 N CrO; in acetic acid added, and the 
reaction mixture cooled to between 5-10° for 2 hours. The excess CrO, 
was reduced with methanol, and the solution poured into ether and sep- 
arated into acidic and neutral fractions in the usual manner. The neutral 
fraction yielded 68 mg. of crystals from ether-petroleum ether, which 
after one recrystallization from petroleum ether melted at 109-111°; 
[a] = +124° (absolute ethanol). 


C.,HyO;. Calculated. C 69.02, I] 8.83, saponification equivalent 170 
Found (A. M.). ‘ 69.35, ‘* 9.18, ssp 0 169 


Oxime of Methyl 3(a),11(8)-Diacetoxy-12-ketocholanate—24 mg. of 
methyl 3(a),11(8)-diacetoxy-12-ketocholanate were heated under a 
reflux with 35 mg. of hydroxylamine hydrochloride and 68 mg. of sodium 
acetate trihydrate in 5.0 ml. of ethanol for 5 hours. Upon dilution with 
water very fine needles were deposited which were twice recrystallized 
from ethyl acetate-petroleum ether, m.p. 136-138". 


CogHysO7;N. Caleulated, N 2.71; found,? 2.51 


No semicarbazone was found either by heating for 5 hours with semi- 
carbazide acetate in pyridine-alcohol solution or by standing at room tem- 
perature for several weeks with semicarbazide acetate in pyridine-alcohol 
solution. Under the latter conditions a small amount of unchanged 
starting material was recovered but no other crystalline product could be 
found. , 

Hydrazone of 3(a)-H ydroxy-11(8)-acetoxy-12-ketocholanhydrazide —200 mg. 
of methyl 3(a),11(8)-diacetoxy-12-ketocholanate were heated under a 
reflux for 15 hours with 0.5 ml. of hydrazine hydrate and 1.0 ml. of absolute 
ethanol. The mixture was cooled in an ice bath; 190 mg. of crystals were 
obtained which were recrystallized five times from 95 per cent ethanol. 
The compound was difficult to purify but finally came to a constant 


? Microanalysis by Dr. T. 8. Ma, Department of Chemistry of the University of 


Chicago, Chicago 
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melting point of 221—223° in a capillary tube. When the melting point was 
observed under a microscope, the compound melted over 8° in this range. 
It is noteworthy that, while the prolonged treatment with hydrazine re- 
moved the ester groups at C-3 and C-24, the acetoxy group at C-11 was 
resistant to the reagent. It is possible that epimerization or partial removal 
of the acetoxy group was responsible for the difficulty in purification. 


CogH yO yN,-H.O. Caleulated. C 63.13, Hl 9.37, N 11.32 
Found (A.M.). ‘* 63.33, ‘* 9.89, ** 11.82 


3(a) ,11(8)-Dihydroxy-12-ketocholanic Acid —521 mg. of methyl 3(a) , 11(8)- 
diacetoxy-12-ketocholanate were dissolved in 5.0 ml. of 95 per cent ethanol 
and 11.7 ml. of 0.6 x KOH in 85 per cent ethanol added. The solution was 
chilled to 0°. After 3 hours the flask was filled with crystals which after 
24 hours at this temperature were filtered, washed with a small amount of 
cold ethanol, and dried. Yield 414 mg. or 90 per cent of theory. After 
one recrystallization from water the salt melted at 223-226°; [a]* = +90° 
(0.36 per cent solution in absolute ethanol). 

The potassium salt was converted to the acid with acetic acid. This 
compound proved extremely difficult to crystallize. It forms clumps of 
soft needles from a concentrated solution in methanol. The best melting 
point obtained was 147-157°; because of this no analysis was performed. 
The methyl ester, prepared with diazomethane, proved similarly difficult 
to crystallize and melted at 189-193°. 

Wolff-Kishner Reduetion of Hydrazone of 3(a)-Hydroxy-11(8)-acetoxy-12- 
ketocholanhydrazide—100 mg. of the hydrazide hydrazone were heated at 
200° in a sealed tube with 6 ml. of 5 per cent sodium ethylate and 3 drops 
of hydrazine hydrate for 8 hours. The product obtained on acidification 
of the reaction mixture was a white amorphous solid weighing 75 mg. As 
it appeared to be inhomogeneous, it was converted to the methyl ester with 
diazomethane. The esters were separated by chromatographing on 3 gm. 
of activated Al,O; according to the scheme given in Table I. Each fraction 
represented 50 ml. of eluate. 

Methyl 3(a)-Hydroxy-A"-cholenate—The 24 mg. eluted with benzene- 
ether were recrystallized from petroleum ether and melted at 96-100°; 
[a] = +50° (ethyl acetate). Upon admixture with an authentic sample 
of methyl 3(a)-hydroxy-A"-cholenate (m.p. 101-106°) there was no 
depression of the melting point. It is probable that this product was 
nevertheless a mixture of methyl lithocholenate and methyl lithocholate 
similar to that described in Paper IV (5), since these two compounds form 
mixed crystals. 

Methyl 3(a) ,11(a)-Dihydroxycholanate—19 mg. of the crystalline material 
eluted with ethyl acetate were recrystallized three times from ethyl acetate- 
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petroleum ether. The compound formed clumps of long pointed needles 
melting at 132-133°; [a]%* = +19° (ethyl acetate). 
CoHwO,. Caleulated, C 73.85, H 10.41; found (A. M.), C 73.67, H 10.56 


3(a) ,11(a)-Dihydroxycholanic Acid—212 mg. of methyl 3(a),11(a)- | 
dihydroxycholanate were hydrolyzed for 1 hour on the steam bath with | 
5 ml. of 0.5 N aleoholic NaOH. The solution was poured slowly into dilute 
H.SO, with stirring, the precipitate filtered, and after one crystallization 
from ethyl acetate-petroleum ether, melted at from 120-145°. After three 
recrystallizations from the same solvent the product sintered to an opaque 


TABLE | 
Separation of Products from Wolff-Kishner Reduction 


Solvent Ratio Weight eluted Description 
mes | 
Benzene-petroleum ether 1:1 2.4 Oily 
_ aig 3:1 0.5 ; 
Benzene 1.0 
Benzene-ether 9:1 0.5 
me 4:1 14.0 Crystalline 
3:2 10.0 «4 
3:2 0.5 Oily 
3:2 0.5 = 
2:3 1.0 “ 
” 1:4 * 1.3 
Ether 1.0 
" 3.3 - 
19.0 Crystalline 


Ethyl acetate 


mass at 127° and slowly became clear up to 147°; [a]” = +22° (absolute 
ethanol). 
CaHyO,. Caleulated, C 73.43, H 10.27; found (J. A.), C 73.98, H 10.62 


Methyl 3(a),11(a)-Diacetoxycholanate—46 mg. of methyl 3(a),11(a)- 
dihydroxycholanate were heated in a sealed tube at 100° for 1 hour with 
0.5 ml. of acetic anhydride and 0.5 ml. of pyridine. The mixture was 
poured into ice and dilute sulfuric acid, and allowed to stand overnight. 
The semicrystalline product, recrystallized from dilute methanol, melted 
at 105-111°. After two recrystallizations from the same solvent the 


melting point was 118-119°; [a]®> = +13.4° (ethyl acetate), [a]” =+7.0° | 
(CHC)). -.. 
CoH yeOr. Calculated. C 70.98, H 9.45, saponification equivalent 163 i 


Found (A.M.). ‘* 71.20, “* 9.46, . « 167 I 
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Attempted Dehydration at C-11—Removal of the C-11 hydroxyl group 
was attempted by the method which Shoppee (6) found to be successful 
for the cortical substances. 27 mg. of methyl 3(a),11(@)-dihydroxy- 
cholanate in 0.4 ml. of glacial acetic acid and 0.1 ml. of concentrated HCl 
were heated under a reflux for 30 minutes. The product was esterified 
with diazomethane and acetylated with acetic anhydride in pyridine. 
Only methyl 3(a@) ,11(@)-diacetoxycholanate (21 mg. of crystalline material, 
m.p. 109-112°) was obtained. This product gave no depression of melting 
point when mixed with an authentic sample of methyl 3(a) , 11(a)-diacetoxy- 
cholanate, but, when mixed with methyl 3(a@)-acetoxy-A'-cholenate (m.p. 
115-117°), the melting point was depressed to 94-97°. 

Methyl 38,11-Diketocholanate—25 mg. of slightly impure methyl 
3(a) ,11(a)-dihydroxycholanate were dissolved in 1.0 ml. of pure glacial 
acetic acid, 1.0 ml. of 0.6 N CrQs in acetic acid added, and the mixture left 
at room temperature for 20 hours. The acetic acid was removed under 
diminished pressure at 30° and the residue dissolved in water and ether. 
The ether solution was washed with dilute sulfuric acid, sodium bicarbonate 
solution, and water, and then dried over NasSO,. After removal of the 
ether, the resulting yellow oil was purified by chromatographing over 2 gm. 
of activated Al,O;. 7.0 mg. were eluted with benzene-ether, 4:1, after 
several small oily fractions had been discarded. This product crystallized 
in square plates from 60-70° petroleum ether after standing. It melted at 
83-85°. Subsequently, when larger amounts were prepared, recrystalliza- 
tion from 60-70° petroleum ether yielded hexagonal plates melting at 
84-85°; [a] = +69° (ethyl acetate). Lardon and Reichstein (7) report 
a melting point of 82-84°; [a]; = +61.7° (acetone). 

Co;HysO4. Caleulated, C 74.59, H 9.51; found (J. A.), C 74.40, H 9.30 


Monosemicarbazone of Methyl 3,11-Diketocholanate—70 mg. of methyl 
3,11-diketocholanate (m.p. 86°) were dissolved in 3.0 ml. of ethanol and 
5 ml. of a solution of semicarbazide acetate prepared from 106 mg. of 
semicarbazide hydrochloride and 126 mg. of sodium acetate trihydrate 
were added. The mixture stood 16 hours at room temperature and the 
product was precipitated by the addition of water. Four recrystallizations 
from methanol yielded rectangular plates melting at 194-197°. 


CosHyoO.N 3. Calculated, N 9.41; found (J. A.), 9.49 


Improved Acetolysis of Methyl 3(a)-Acetory-11 ,12-epoxycholanate—10 
gm. of methyl 3(a)-acetoxy-11,12-epoxycholanate were dissolved in 300 
ml. of anhydrous acetic acid and 200 ml. of toluene. 6.0 ml. of 0.96 m H,SO, 
in acetic acid were added, and the flask immediately chilled to 0° and 
maintained at this temperature for 16 hours. The solution was poured into 
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ether, extracted with water and 10 per cent Na2CO, solution, and, after 
drying over Na2SQ,, the solvent was removed at 30°. The residue, weigh- 
ing 10.3 gm., was dissolved in 50 ml. of pure glacial acetic acid. 100 ml. 
of 1.0 n CrOs in acetic acid were then added and, after 15 minutes at room 
temperature, the excess CrO; was reduced by addition of methanol. The 
mixture was poured into a large volume of water and ether and the 
ether solution washed successively with water, NasCO; solution, and water. 
The ether was removed at 30° and the neutral residue (weight 8.4 gm.) in 
150 ml. of benzene-petroleum ether, 3:1, was poured over 100 gm. of 
activated alumina. The fractions given in Table IT were eluted. 

Fractions 5 and 6 were combined and after recrystallization yielded 1.70 
gm. of methyl 3(a) ,11(8)-diacetoxy-12-ketocholanate, m.p. 107-110°. 


TaBLe II 


Separation of Products from Acetolysis after CrO; Oxidation 


tay Solvent* Ratio —— Description 
gm. 
1 Benzene-petroleum ether 3:1 0.399 | Oily 
2 Benzene 0.987 Crystalline; almost pure 
3 Benzene-ether 20:1 2.037 methyl 3(a@)-acetoxy-11, - 
1 = 10:1 0.894 12-epoxycholanate 
5 3:1 1.374 | Crystalline 
6 2:1 0.750 
7 Ether 0.075 | Oily 
8 Methanol 1.695 " 


* Each fraction represented | liter of eluate except Fractions 7 and 8 which were 


500 ml. 


DISCUSSION 


From these experiments, the significant facts emerge that an 11(8)- 
hydroxyl group does not prevent the formation of ketonic derivatives at 
C-12 and that the ketone group can be successfully reduced to a methylene 
without loss of the hydroxyl at C-11. The failure of the 3, 11-dihydroxy- 
12-ketocholanic acid described by Marker and Lawson to form ketonic 
derivatives is due to rearrangement by the alkaline hydrolysis involved in 
its preparation, as will be discussed in Paper VI (8) of this series. 

The 3,11-dihydroxycholanic acid isolated by Wolff-Kishner reduction 
of methyl 3(a) ,11(8)-diacetoxy-12-ketocholanate has been assigned the 
11(a) configuration on the basis-of the ease of acetylation and the relative 
resistance to dehydration of the C-11 hydroxyl group. It is interesting to 
note that whereas the 11(a)-hydroxyl group is sterically unhindered the 
ketone group at this position is unreactive as demonstrated by the forma- 
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tion of a monosemicarbazone from methyl 3,11-diketocholanate. The 
ketonic group therefore resembles the inert ketonic group at C-11 of the 
cortical steroids. The cortical steroids must have the hydroxyl group at 
C-11 in the 8 configuration, since these substances have been shown to be 
resistant to acylation and are, moreover, readily dehydrated with mineral 
acids. 

The mechanism of formation of 3(@),11(@)-dihydroxycholanie acid by 
the Wolff-Kishner reduction will be discussed in Paper IV (5). 


We wish to express our appreciation of the technical assistance of Miss 
Joanna Xenos. 


SUMMARY 


1. Methyl 3(a@),11(8)-diacetoxy-12-ketocholanate was prepared from 
methyl 3(a)-acetoxy-11,12-epoxycholanate by acetolysis and oxidation 
with CrQs. 

2. This compound readily forms an oxime and a hydrazone. 

3. Wolff-Kishner reduction yielded an equal amount of a compound 
tentatively identified as A''-lithocholenic acid and 3(a@) ,11(@)-dihydroxy- 
cholanic acid. The latter product has the C-11 hydroxyl group in the 
unhindered configuration, since it forms a diacetate under mild conditions 
and is not readily dehydrated by HC! in acetic acid. 
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PARTIAL SYNTHESIS OF COMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 


IV. AN IMPROVED METHOD FOR THE PREPARATION OF 
3(a@),11(a@)-DIHYDROXYCHOLANIC ACID* 


By T. F. GALLAGHER anp WILLIAM P. LONG 


(From the Department of Biochemistry of the University of Chicago, Chicago) 
(Received for publication, September 8, 1945) 


In Paper III of this series (1) a method for the preparation of 3(a) ,11- 
(a)-dihydroxycholanic acid from A"-lithocholenic acid was reported. 
Poor yields were obtained, and, since formation of the A" acid by a py- 
rolytic reaction is unsatisfactory, it was desirable to determine whether 
the 3,11l-dihydroxy acid could be prepared directly from desoxycholic 
acid. It appeared possible that the necessary intermediate, 3(a) ,11(8)- 
dihydroxy-12-ketocholanic acid, could be obtained by bromination of 
methyl 3(a)-acetoxy-12-ketocholanate followed by alkaline hydrolysis 
of the appropriate 11-bromo-12-keto ester. The bromination of 3(a)- 
acetoxy-12-ketocholanic acid has been studied by several workers (2-4) 
who obtained only amorphous products. Recently Seebeck and Reich- 
stein (5) have described two 11-bromo-12-keto esters epimeric at C-11, 
which were obtained by the bromination procedure of Longwell and Win- 
tersteiner (3) in crystalline form but in poor yield. We were unaware of 
the preparation of these two epimers by the Swiss investigators and had 
independently prepared the same compounds. 

In attempting to separate a crystalline product from the bromination 
of methy] 3(a)-acetoxy-12-ketocholanate in acetic acid solution, we noticed 
that there was an acid fraction in the crude product which suggested that 
partial hydrolysis had occurred under the influence of the hydrobromic 
acid formed during the reaction. We therefore carried out the bromina- 
tion at room temperature and reesterified the reaction product. When a 
small amount of colored impurity was removed by Al.O;, the residue erys- 
tallized readily and two epimeric bromo keto esters were separated by 
fractional crystallization. The 11(a)-bromo ester was converted in ex- 
cellent yield to 3(a),11(8)-dihydroxy-12-ketocholanic acid, identified as 
the insoluble sodium or potassium salt. The salt reacts with hydrazine 
hydrate and the hydrazone can then be reduced to 3(a) ,11(a)-dihydroxy- 
cholanic acid by the Wolff-Kishner method. 


* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago. 
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EXPERIMENTAL! 





Methyl 3(a)-Acetory-12 (a)-hydroxycholanate—(Wieland, Dane, and 
Scholz (6) and Reichstein and Sorkin (7) have described somewhat different 
methods of preparation.) 400 gm. of methyl desoxycholate were dissolved 
in 750 ml. of redistilled pyridine, 165 gm. of freshly redistilled acetic anhy- 
dride (1.6 moles) added, and the mixture allowed to stand at room tempera- 
ture for 19 hours. Ice and water were added and after an interval of 2 to 3 
hours the precipitated solid was dissolved in ether. The pyridine-water- 
acetic acid mixture was extracted with ether and the combined ether 
solutions were washed thoroughly with 5 per cent H.SO,, 5 per cent 
Na,CO,, and finally with water. After removal of the ether, the residue 
was dissolved in methanol and crystallized from this solvent. Two crops, 
which together weighed 340 gm., were obtained, m.p. 128-129.5°; [a]?! 
= +66° (absolute ethanol). The yield was 77 per cent of theory. Very 
little more crystalline product can be obtained from the mother liquors. 

Methyl 3(a)-Acetoxy-12-ketocholanate—463 gm. of methyl 3(a)-acetoxy- 
12(a)-hydroxycholanate were dissolved in 1500 ml. of glacial acetic acid 
with gentle warming and the solution cooled to room temperature. 175 
gm. of CrO, dissolved to 800 ml. of water were added with stirring over | 
to 2 hours. The reaction mixture was allowed to stand for another hour 
and 1500 ml. of water were added slowly with continuous stirring. The 
crystalline mass was filtered, washed twice by suspension in water, filtered 
as dry as possible, dissolved in ethanol, and crystallized from this solvent. 
The product, m.p. 149-151°, weighed 410 gm. and is sufficiently pure for 
bromination. The mother liquors yielded 8 gm. with a melting point of 
148-150° on concentration. The yield was 90 per cent of theory. The 
pure compound melts at 151-153°; [a]*> = +111° (absolute ethanol). 

Brominat‘on of Methyl 3(a)-Acetoxy-12-ketocholanate—51 gm. of methyl 
3(a)-acetoxy-12-ketocholanate were dissolved in 120 ml. of pure glacial 
acetic acid, 34 ml. of 7.5 N Br. (1.1 moles) in acetic acid added, and the flask 
stoppered and stored in the dark at room temperature for 5 days. At 
this time the substitution of bromine was complete. The acetic acid 
solution was poured very slowly into a large volume of ice water with 
vigorous mechanical stirring. If the addition to the water is made slowly, 
the product is sandy and easily filtrable; otherwise an oily mass is obtained 
which is difficult to free from acetic acid. The precipitate was filtered, 
washed five times by suspension in water, and dried as thoroughly as 
possible. The amorphous bromo ketone was dissolved in dry methanol 
with gentle warming, 0.5 ml. of concentrated H.SO, added, and the so- 


The microanalyses were performed by Dr. 


' All melting points are corrected. 
Joseph Alicino, The Squibb Institute for Medical Research, New Brunswick, New 


Jersey. We wish to express our appreciation for this service. 
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lution allowed to stand at room temperature for 5 hours. The methanol 
solution was poured into ether, washed with water, dried over Na,SQ,, and 
after thorough drying, weighed 57.3 gm. 10 gm. were removed for other 
purposes and the remainder dissolved in 200 ml. of benzene. In order to 
study the extent to which the 3-acetoxy group had been hydrolyzed, the 
benzene solution was divided into two equal portions. One was chromato- 
graphed over 60 gm. of Al,O; with 800 ml. of benzene-petroleum ether, 
2:1, mixture. 20 gm. of eluate were obtained which failed to crystallize 
even after inoculation with methyl 3(a)-acetoxy-11(a@)-bromo-12-keto- 
cholanate or with methyl 3(a@)-acetoxy-11(8)-bromo-12-ketocholanate. 

Methyl 3(a)-Acetoxy-11(a)-bromo-12-ketocholanate—-The other portion 
of the benzene solution (100 ml. = 23.7 gm.) was added to 50 ml. of acetic 
acid containing 5 ml. of 1.13 m anhydrous HCIO, in acetic acid. The 
solution was chilled in an ice bath and 30 ml. of acetic anhydride were 
added.2 The solution was removed from the ice bath and allowed to stand 
for 30 minutes. It was then cooled again and the excess acetic anhydride 
hydrolyzed by the cautious addition of water. The solution was poured 
into ether and the ether extracted with Na,CO, solution and with water. 
After removal of the ether, the residue was thoroughly dried and chro- 
matographed over 80 gm. of Al,O; with 700 ml. of benzene-petroleum ether, 
1:1. 20 gm. were eluted with this solvent mixture. 3.5 gm. were eluted 
with 300 ml. of ether-methanol, 4:1. This latter was a dark oil which 
failed to crystallize. The first eluate was dissolved in methanol and 
on inoculation with methyl 3(a@)-acetoxy-11(a@)-bromo-12-ketocholanate 
crystallized immediately. 15.55 gm. were obtained. The product 
softened from 124-147° and formed a clear melt at 153°. Three recrys- 
tallizations from methanol gave clusters of long prisms with a constant 
melting point of 163.5-165.5°; [a]2” = +44° (absolute ethanol). 


CyH,OsBr. Calculated, C 61.70, H 7.87, Br 15.21; found, C 61.80, H 7.97, Br 15.44 


A mixture with methyl 3(a)-acetoxy-11(8)-bromo-12-ketocholanate (8) 
(m.p. 162-163°) melted at 138-142°. 

Methyl 3(a)-Acetoxy-11(8)-bromo-12-ketocholanate—The mother liquors 
from the 11(a@)-bromo keto ester upon concentration yielded feathery 
needles melting unsharply at about 125°. After repeated recrystallization 
from ethanol and from ethyl acetate-petroleum ether, a compound melting 
at 160-162° was obtained. This gave no depression when admixed with 
an authentic specimen of methyl 3(a)-acetoxy-11(@)-bromo-12-keto- 
cholanate prepared from the epoxide of A''-lithocholenie acid. The 
yield of this epimer was small. 


Schwenk, E., and Whitman, B., personal communication. 
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Hydrolysis of Methyl 3(a)-Acetoxy-11(a)-bromo-12-ketocholanate—200 mg. 
samples of the a-bromo keto ester were dissolved in 15 ml. of ethanol and 
5.0 ml. of 2.0 N aqueous KOH added. The solutions were stored at room 
temperature (between 27-30°) and titrated with 0.1 nN H.SO, at intervals. 
After 6, 214, and 48 hours, 76.8, 92.5, and 94 per cent of the calculated 
amount of base (3 equivalents) were consumed. 17.09 gm. of 11(a@)-bromo 
keto ester were dissolved in 850 ml. of ethanol, 280 ml. of 2.0 s KOH were 
added, and the mixture stood for 48 hours at room temperature (28-30°). 
The alkaline solution was chilled and acidified under ether. The ether 
extract was washed with water and dried over NaSO, and the ether 
distilled. The residue was dissolved in 100 ml. of absolute ethanol and 
chilled to 0°, and 6.0 ml. of 5.0 N aqueous KOH added. The insoluble 
potassium salt was filtered and washed with ice-cold water. It weighed 
10.7 gm. or 75 per cent of theory. The potassium salt melted at 217—220° 
after one recrystallization from water; [a]24 = +90° (0.36 per cent in 
absolute ethanol). The sodium salt prepared in similar fashion after two 
recrystallizations from dilute ethanol melted at 195-197°; [a]?° = +98° 
(0.50 per cent in absolute ethanol). 

Hydrazone of 3(a),11(8)-Dihydroxy-12-ketocholanhydrazide—Since the 
hydrazone of the sodium salt of 3(a@) ,11(8)-dihydroxy-12-ketocholanic acid 
was unsatisfactory for analysis, the hydrazone of the hydrazide was pre- 
pared. Methyl 3(a),11(8)-dihydroxy-12-ketocholanate was heated with 
excess hydrazine hydrate in absolute ethanol for 1 hour. The reaction 
product crystallized from the hot solution and was recrystallized from 
ethanol. Fine needles melting at 229-232° were obtained, which similarly 
gave an unsatisfactory analysis. 

CuHwO sN,y-H,O. Calculated, N 12.38; found, 11.97 


Wolff-Kishner Reduction of 3(a),11(8)-Dihydroxy-12-ketocholanic Acid— 
25 gm. of the sodium salt of 3(a),11(8)-dihydroxy-12-ketocholanie acid 
were dissolved in 350 ml. of absolute ethanol under a reflux and 20 ml. of 
hydrazine hydrate added. Heating was continued for 30 minutes and 
then about half the alcohol was removed by distillation. A heavy mass 
of crystals formed which were removed by filtration and combined with a 
second crop obtained by further concentration of the mother liquors. 
Weight, 20.8 gm. A third crop weighed 1.36 gm. The mother liquors 
were not further investigated. The yield was 87 per cent of theory. The 
compound is extremely hygroscopic and gave an unsatisfactory analysis. 
The hydrazone was reduced with sodium ethylate at 200° in a sealed tube 
in the presence of hydrazine hydrate. The products proved to be a similar 
mixture to that described in Paper ITT (1) and were separated in the follow- 


ing manner. 
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The contents of the bomb tube were rinsed into a flask and neutralized 


with HCl, and the concentration of alcohol and water adjusted so that, 


for each 4 gm. of hydrazone reduced, the product was dissolved in 100 ml. 
of hot ethanol and 200 ml. of water. This solution was heated to boiling 
and 100 ml. of hot 0.3 Nn Ba(OH). were added with stirring. The flask 
was stoppered and allowed to stand overnight. The insoluble barium 


| salt was filtered and dried. In several experiments this weighed about 





5) to 55 per cent of the weight of the hydrazone which had been reduced. 
Methyl 3(a),11(a)-Dihydroxycholanate—The filtrate from the barium 
salt was acidified and the acid isolated by extraction with ether in the usual 
manner. This was dried and esterified with methanol and concentrated 
H,SO, at room temperature. The ester was crystallized from benzene- 
petroleum ether and a crop of large prisms formed which melted at 125- 
127° and gave no depression with an authentic specimen of methyl 3(a),- 
11(a)-dihydroxycholanate. The yield obtained in several experiments 
corresponded to from 20 to 30 per cent of theory. The product is slightly 
impure and is most conveniently purified as the methyl] ester diacetate. 
Methyl 3(a),11(a),12(8)-Triacetoxycholanate (9)—The mother liquors 
from methyl 3(a@),11(a@)-dihydroxycholanate either fail to yield further 
crystalline material or deposit oily crystals difficult to separate. Several 


| batches of these mother liquors were combined (weight, 34.0 gm.) and 
acetylated with acetic anhydride and HCIQO, as catalyst. Crystallization 


from methanol yielded 1.4 gm. of a product melting at 160-173°. Reerys- 
tallization from ethyl acetate gave 800 mg. of a compound melting at 
187-189°, which was identical with methyl 3(a@),11(q) ,12(8)-triacetoxy- 
cholanate described in Paper VI (9). In the further purification of the 
oily residues 1.2 gm. of the same product were obtained. 

Methyl 3(a),11(a)-Diacetorycholanate—The oily esters after crystal- 
lization of methyl 3(a),11(a@),12(8)-triacetoxycholanate were chroma- 


| tographed several times on aluminum oxide. From the early eluates 1.17 
gm. of methyl acetoxylithocholate and 600 mg. of methyl acetoxy-A"- 


lithocholenate (identified by melting point and titration with bromine) 
were isolated. The major proportion of the material (20.3 gm.) was 
eluted with petroleum ether, petroleum ether-benzene mixtures, and ben- 
zne. From these fractions 10.16 gm. of methyl 3(a),11(a@)-diacetoxy- 
cholanate (m.p. 116-118°) were obtained. 

Methyl 3(c),11(a),12(a)-Triacetoxycholanate (9)—0.75 gm. of this 
product, m.p. 163-165°, was isolated from the benzene-ether, 1:3, eluates. 
Its constitution is discussed in Paper VI (9). 

No other crystalline products were isolated from the soluble barium 
salts, 

Methyl 3(a)-Acetoxycholanate and Methyl 3(a)-Acetoxy-A"-cholenate— 
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22.9 gm. of insoluble barium salts were acidified and extracted with ether, 
The acid fraction was esterified with methanol and concentrated H.SO, at 
room temperature. The methyl esters were acetylated with acetic anhy- 
dride and HClO, as a catalyst and, upon crystallization from acetone, 
16.2 gm. of a product melting from 118—124° were obtained. This was 
separated by the procedure of Seebeck and Reichstein (5). It was dis- 
solved in CHC], and allowed to stand 24 hours at room temperature with 


TaBLe | 
Separation of Methyl Lithocholate and Methyl 3(a)-Acetory-11,12-epoxrycholanate 


Weight 


Fraction Solvent* Ratio ane Description 
gm. 
1 | Benzene-petroleum ether | 1:19 1.16 Methyl 3(a)-acetoxycho- 
2 as F | 1:19 0.49 lanate, m.p. 134.5-135.5°, 
lalp = +47.6° (acetone) 

3 1:19 0.001 Not investigated 

4 1:9 0.003 a ” 

oa se - 1:9 0.005 = se 

6 = 1:4 0.031 Kg ™ 

7 | is4 0.026 ; “ 93 

8 Benzene 0.033 | “ = 

9 | ” | 0.052 ; “ wu 
10 Benzene-ether 1:1 1.13 Methyl 3(@)-acetoxy-11, 12- 
il 5 4:1 0.34 | epoxycholanate, m.p. 137- 
12 “ t:1 0.19 140°, [a]p = +33° (toluene 
13 $:] 0.10 lalp = +60° (acetone) 
14 | " | del 0.10 Non-crystalline 
15 | “ 11:3 | 0.26 
16 | 1:3 0.18 “ 
17 | Ether 0.15 ki 
18 | 2p 0.03 ss 


* All fractions were 500 ml. except Fraction 1 which was 1000 ml. 


400 ml. of 0.265 N perbenzoic acid in CHC]. ‘Titration of aliquots showed 
that the mixture had reacted with 3.22 gm. of perbenzoic acid or 60 per 
cent of theory if the material were methyl 3(a)-acetoxy-A"-cholenate. 
Upon standing for an additional 24 hours, no further uptake of per- 
benzoic acid occurred. The CHCl, solution was washed with dilute 
NasCO; solution and with water and distilled to dryness. The product 
was dried in a vacuum and dissolved in 500 ml. of benzene-petroleum 
ether mixture, 1:19. 250 ml. of this solution (8.04 gm.) were poured over 
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a column of 85 gm. of AleO; and the mixture separated according to the 
scheme shown in Table I. 


DISCUSSION 


The purpose of this investigation was to devise a method for the pro- 
duction of 3,11-dihydroxycholanic acid by a simple procedure. This has 
been accomplished. The configuration of the product and the structure 
of the other compounds formed are significant in the interpretation of the 
mechanism and it is this phase of the investigation which we propose to 
discuss. 

In Paper II of this series (8) it was concluded that fission of the epoxide, 
methyl 3(a)-acetoxy-11,12-epoxycholanate, by organic or mineral acids 
led to the introduction of the anionic constitutent in the 8 configuration 
at C-11, while the proton reacted with the oxygen atom after rupture of 
the epoxide ring to form a hydroxyl group having the a configuration at 
C-12. In the same investigation, methyl 3(a)-acetoxy-11(8)-bromo-12- 
ketocholanate was prepared. If the configuration of this latter substance 
has been correctly assigned, it is clear that the diastereoisomer must have 
the 11l(a@) configuration. Consideration of the properties of the two 
epimers as discussed below indicates that the structures are correctly 
assigned and provides further evidence for the validity of the conclusions 
previously drawn regarding the opening of the epoxide ring and the con- 
figuration of the C-12 hydroxyl group of desoxycholie acid. 

An inspection of molecular models demonstrates that a substituent at 
carbon atom 11 should be markedly hindered in one configuration and 
relatively unhindered in the alternative steric position. The hindered 
configuration is designated 8 according to the generally accepted system 
of nomenclature and is understood to mean a substituent cis with respect 
to the angle methyl groups C-18 and C-19. It could be anticipated, 
therefore, that the bromination of a 12-keto bile acid would lead to the 
formation of a hindered isomer in small amounts. This is in accord with 
the findings reported here and with the results of Seebeck and Reichstein 
(5) who also obtained very small yields of this isomer. 

The results obtained when the two epimeric bromo keto esters are 
hydrolyzed with aqueous base are similarly consistent and in harmony 
with the modern conception of a displacement reaction involving Walden 
inversion (10). When the 11(8)-bromo-12-keto ester, in which the halogen 
is in the hindered configuration, is hydrolyzed by aqueous alcoholic base 
at room temperature, the entering hydroxyl] group can readily approach 
the molecule at the sterically unhindered face of carbon atom 11. Under 
these circumstances the halogen is then displaced and the hydroxyl group 
attaches to C-11 with inversion of configuration so that the product should 
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be 3(a),11(a)-dihydroxy-12-ketocholanic acid. The reaction with base 
was relatively rapid with this epimer,’ since 3 equivalents were consumed 
in less than 3 hours at room temperature. In contrast to this result, when 
the 11(a)-bromo-12-keto ester was hydrolyzed with the same concentration 
of alkali, the reaction was much slower and was incomplete even after 20 
hours. Since the displacement of halogen from this epimer takes place 
by the approach of the hydroxy] ion from the hindered side of carbon atom 
11, this replacement should proceed more slowly. 

It has been assumed in the preceding discussion that an inversion of 
configuration has occurred. This can be demonstrated with a considerable 
degree of certainty and without recourse to an investigation of the kinetics 
of the reaction. The product formed by acetolysis of methy] 3(a)-acetoxy- 
11,12-epoxycholanate is methyl 3(a),11(8)-diacetoxy-12(a)-hydroxycho- 
lanate not only by analogy to the reaction of the epoxide with hydrobromic 
acid but also because the 1l-acetoxy group exhibits such marked resistance 
to hydrolysis with base. When the hydroxyl group at C-12 is oxidized toa 
ketone, the product methyl 3(a),11(3)-diacetoxy-12-ketocholanate is 
readily hydrolyzed by alkali at room temperature. Since the saponifica- 
tion of an acetoxy group is unlikely to effect a change in configuration, the 
product of hydrolysis is 3(a) ,11(8)-dihydroxy-12-ketocholanic acid. This 
substance forms an insoluble sodium or potassium salt and is thus readily 
identified. This same insoluble salt is formed when methyl 3(a)-acetoxy- 
11(a)-bromo-12-ketocholanate is hydrolyzed by base at room temperature, 
so that the replacement of halogen by hydroxyl in this diastereoisomer is 
accomplished with Walden inversion. Since the 11(8)-bromo ester is 
hydrolyzed under the same conditions to a different dihydroxy keto acid 
(11) it is clear that inversion b:ad occurred with both epimers. 

The two diastereoisomeric 3(a),11-dihydroxy-12-ketocholanic acids 
similarly react in accordance with the configurations which have been 
assigned. 3(a),11(a@)-Dihydroxy-12-ketocholanic acid forms a diacetoxy 
methyl ester which is described in Paper V (11). In two experiments we 
attempted unsuccessfully to prepare a diacetate of methyl 3(a),i1(6: 
dihydroxy-12-ketocholanate. While no emphasis need be given to the 


negative result, it is important that the 11(a@)-hydroxyl group is not subject | 


to steric hindrance. This has previously been demonstrated by the forms 
tion of a diacetate from the methyl ester of 3(a),11(a@)-dihydroxycholanic 
acid. It is interesting to note that whereas the 11(a)-hydroxy1 is sterically 
unhindered and forms derivatives readily, the ketone group at this position 
is unreactive as has previously been noted for the cortical steroids. 

In Paper III (1) of this series the 3,11-dihydroxycholanic acid obtained 


* Gallagher, T. F., and Long, W. P., unpublished observations. See also PaperY 


of this series (11). 
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from the Wolff-Kishner reduction of methyl 3(a),1 1(3)-diacetoxy-12- 
ketocholanate was assigned a configuration at C-11 because of the ease of 
acetylation and the resistance of this hydroxyl to dehydration by hydro- 
chloric acid. The same product was obtained in this investigation from 
the reduction of the unesterified hydrazone. It is necessary therefore to 
account not only for the inversion of the hydroxyl group at C-11 but for 
the other products formed during reduction of the 12-ketone. It can be 
assumed that the hydrazone of 3(a),11(8)-dihydroxy-12-ketocholanic 
acid (I) is in equilibrium with the 11(@) epimer (II) in the presence of base, 


i NH 
Hy N 
R Hy Hi 
— 
* — ae 
Ho” I "O” oy 
c Ho Ir 
OH “ OH 
Hy R Ho. ‘ R Hq R 
va ‘ Oo” * J Pa 
HO IW H VW HO Ww 
R R 
CHs Pa 
aE, R= - ¢-cH,-CHzG 
: y H OH 
HO Vv Ho 
VW 


before reduction of the hydrazone to a methylene group. The equilibrium 
product undergoes reduction with the formation of two 3(a) , 11-dihydroxy- 
cholanic acids (III and IV) epimerie at C-11. 

The formation of 3(a) ,11(a)-dihydroxycholanic acid from the reduction 
of an 11(8)-hydroxy-12-keto acid is understandable if an equilibrium of 
the hydrazones as outlined in the accompanying formulas is postulated. 
It is uncertain from our results whether 3(a),11(8)-dihydroxycholanic 
acid (IV) is formed only as an intermediate or whether it is present in the 
final reaction mixture. We were unable to isolate the product but no 
emphasis should be placed upon this fact, since the products are difficult 
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to separate after the initial crystallization of methyl-3(@) , 11(@)-dihydroxy- 
cholanic acid. It is certain, however, that if present, the 11(8) epimer 
constitutes a relatively minor fraction of the total product. 

We have shown that the 11(@) epimer is stable under the conditions of 
the reaction by comparing the yield of this product when the bomb tube 
was heated for 2 hours and for 8 hours at 200° with the same concentrations 
of sodium ethylate. No difference in the yield of either 3(a),11(a)- 
dihydroxycholanie acid or the mixture of lithocholic (VI) and lithocholenic 
(V) acids was found, within the limits of accuracy imposed by the technique 
of isolation; it is improbable therefore that any considerable amount of 
either lithocholic or lithocholenic acid resulted from dehydration of 3(a@)},- 
11(a)-dihydroxycholanie acid after formation of this product. It is 
possible, however, that the lithocholenic acid results from dehydration of a 
labile 11(8)-hydroxyl group under the influence of the hot sodium ethylate. 
This loss of water must occur after reduction of the hydrazone to a methy]- 
ene group, since otherwise A’:''-lithocholenic acid should be the principal 
reaction product, provided there is no shift of the double bond. This 
latter possibility cannot readily be excluded, since Seebeck and Reichstein 
(5) obtained A"-lithocholenic acid as well as A*:''-lithocholenic acid from 
the Wolff-Kishner reduction of 3(a)-hydroxy-12-keto-A*:''-cholenie acid 
even when the purest preparations were reduced. It is significant that 
A®:"lithocholenic acid was either absent or present in small traces, as 
judged by the chromatogram of the oxides, following Wolff-Kishner re- 
duction of 3(a),11(8)-dihydroxy-12-ketocholanic acid. It is probable 
nevertheless that in the mixture obtained by us there were present other 
unsaturated acids such as A** or A®"', since the amount of perbenzoic 
acid consumed was greater than could be accounted for by the quantity 
of methyl 3(a)-acetoxy-11,12-epoxycholanate isolated. Furthermore the 
amount of perbenzoic acid consumed was in excess of | mole when allowance 
is made for the lithocholie acid obtained (57 per cent) and this finding is 
consistent with the possibility that A*® or A*'' acids were present in the 
mixture, since these substances form dienic acids when treated with per- 
benzoic acid (12, 13). 

A portion of the lithocholic acid in the reaction product could be formed 
from unchanged 3(a)-hydroxy-12-ketocholanic acid present as a con- 
taminant in the bromination product and adsorbed on or precipitated with 
the insoluble sodium salt of 3(a),11(8)-dihydroxy-12-ketocholanic acid. 
However, even when carefully purified preparations of methyl 3(q@),- 
11(8)-diacetoxy-12-ketocholanate were subjected to the Wolff-Kishner 
reaction, a smaller but significant amount of lithocholic acid was formed. 
It is possible that a certain amount of osazone is formed in the reaction of 
the ketol with hydrazine and that this product was directly reduced to 
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lithocholic acid. This explanation is objectionable, since derivatives of 
C-11 ketone groups are formed with difficulty although the activating 
influence of the hydrazone at C-12 may be of importance and effect the 
formation of an osazone to a limited extent. It is also possible that some 
lithocholic acid results from the reduction of A“-lithocholenic acid by the 
products of alkaline decomposition of the excess hydrazine present in the 
reaction mixture. On the basis of present evidence, it is impossible to 
decide the mechanism by which both oxygen atoms in Ring C are lost with 
the formation of a saturated derivative. 

It is likewise certain that Wolff-Kishner reduction of the ketol structure 
in Ring C leads to the formation of 3,11,12-trihydroxy acids. These may 
be the result of an abnormal course of the Wolff-Kishner reaction of the 
type investigated by Dutcher and Wintersteiner (14). These authors, 
however, found that the reduction of a semicarbazone to a secondary 
alcohol appeared to be limited to C-3 in the steroid nucleus and could be 
prevented completely if the reduction were carried out in the presence of 
excess hydrazine. Since in our experiments the reduction was invariably 
conducted with excess hydrazine present, this explanation appears to be 
unlikely. It is, however, possible that conversion of the 11-hydroxy-12- 
keto bile acid to the hydrazone is incomplete, since, in the course of heating 
the alcoholic solution of the sodium salt with hydrazine hydrate, a portion 
of the product may have been converted into the acid of Marker and Law- 
son (2). It is known (15) that this latter compound can form 3,11,12- 
trihydroxy acids under the conditions of the Wolff-Kishner reaction and 
this fact is confirmed by investigations described in Paper VI of this series 
(9). Since 3(a@),11(8)-dihydroxy-12-ketocholanic acid can be converted 
to the acid of Marker and Lawson by heating with base, it is reasonable 
to assume that at least a portion of the sodium salt of 3(a),11(8)-dihy- 
droxy-12-ketocholanic acid was so transformed in the manipulation of the 
compound before the hydrazone had been formed. This explanation 
would also account for the difficulty encountered in obtaining analytically 
pure samples of the hydrazone. If this hypothesis is correct, a significant 
improvement in the process could be achieved by preparation of the 
hydrazone under less drastic conditions. 


We wish to express our appreciation of the technical assistance of Miss 
Joanna Xenos. 
SUMMARY 
1. A procedure for the conversion of desoxycholie acid to 3, 11-dihy- 


droxycholanic acid has been described. 
2. The process involves the bromination of methyl 3(a)-acetoxy-12- 
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ketocholanate, hydrolysis of the mixture at room temperature with NaOH, 
and isolation of 3(a) ,11(8)-dihydroxy-12-ketocholanic acid as the insoluble 
sodium salt. The latter substance forms a hydrazone which can be re- 
duced by the Wolff-Kishner method to a mixture of which 3(a),11(a)- 
dihydroxycholanic acid, lithocholic acid, A"-lithocholenic acid, and 3(a),- 
11,12-trihydroxycholanic acids are the principal constituents. 

3. The configuration of substituents at C-11 of the steroid nucleus has 
been discussed. 
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PARTIAL SYNTHESIS OF COMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 


y. PREPARATION OF 3(a@),11(@)-DIHYDROXY-12-KETOCHOLANIC ACID 
AND THE PRODUCTS OBTAINED BY WOLFF-KISHNER REDUCTION* 


By T. F. GALLAGHER anp VINCENT P. HOLLANDERt 
(From the Department of Biochemistry of the University of Chicago, Chicago) 
(Received for publication, September 8, 1945) 


The introduction of an oxygen function at C-11 of the steroid nucleus 
as the first stage in the partial synthesis of adrenal cortical hormones has 
been the subject of investigation in this and other laboratories for some 
time. It had been shown that 3(a),11(8)-dihydroxy-12-ketocholanic 
acid could be successfully reduced to a 3,11-dihydroxycholanie acid (1, 2) 
by the Wolff-IKXishner method and it was therefore desirable to determine 
whether the diastereoisomer, 3(a@) ,11(a)-dihydroxy-12-ketocholanic acid, 
would hehave in similar fashion. The latter substance was prepared by 
low temperature alkaline hydrolysis of methyl 3(a)-acetoxy-11(8)-bromo- 
12-ketocholanate (1) in crystalline form and in good yield. The product 
proved capable of forming ketonic derivatives and upon reduction by the 
Wolff-Kishner method formed 3(a@),11(q@)-dihydroxycholanic acid and 
\“lithocholenic acid as the principal products. The reaction was there- 
fore similar to the reduction of 3(a) ,11(8)-dihydroxy-12-ketocholanic acid 
previously studied by Gallagher and Long (1). 

Neither the 3(a),11(a@)-dihydroxy-12-ketochoianic acid described in 
this report nor the 3(a),11(8)-dihydroxy-12-ketocholanic acid described 
by Long and Gallagher (2) is identical with the compound prepared by 
Marker and Lawson (3) and formulated by these authors as 3(a) ,11-dihy- 
droxy-12-ketocholanic acid. It is apparent that the structure of the latter 
product must be revised; this problem is dealt with in Paper VI (4). 


EXPERIMENTAL! 


3(a) ,11(a)-Dihydroxy-12-ketocholanic Acid—1.004 gm. of methyl 3(a)- 
acetoxy-11(8)-bromo-12-ketocholanate, obtained from methyl 3(a)-ace- 


* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago. 

t This paper represents a portion of a thesis submitted by Vincent P. Hollander to 
the Division of Biological Sciences of the University of Chicago, in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy 

‘All melting points are corrected. The microanalyses were performed by Mr. 
John De Lucia (J. De L.), New York, and Professor A. J. Haagen-Smit (A. J. H.-8.), 
California Institute of Technology. We wish to express our appreciation for this 
service. 
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toxy-11,12-epoxycholanate by treatment with hydrobromic acid and 
subsequent oxidation with CrQO;, were dissolved in 100 ml. of ethanol, 
25.0 ml. of 4.2 Nn NaOH were added, and the solution was allowed to stand 
at room temperature for 3 hours. The product was acidified and extracted 
thoroughly with ether. The ether solution was washed with water, dried 
with Na.SO,, and evaporated to dryness. The product after two re- 
crystallizations from ethyl acetate melted at 197-199°; [a]? = +65.6° 
(absolute ethanol). A mixture with an authentic specimen of the Marker 
and Lawson acid (m.p. 205°, obtained by vigorous alkaline hydrolysis 
of methy] 3(a)-acetoxy-11(8)-bromo-12-ketocholanate) (5) melted at 177°. 


CyHysO;. Calculated, C 70.90, H 9.42; found (J. De L.), C 70.92, H 9.42 


Oxime of 3(a) ,11(a)-Dihydroxy-12-ketocholanic Acid—-226 mg. of 3(a),- 
11(a)-dihydroxy-12-ketocholanic acid were heated under a reflux with 500 
mg. of hydroxylamine hydrochloride and 1 gm. of sodium acetate tri- 
hydrate in 10 ml. of ethanol for 24 hours. The reaction mixture was 
diluted with water and extracted with ethyl acetate. The ethyl acetate 
was washed with water and evaporated to dryness. The product crys- 
tallized from ethyl acetate-petroleum ether as fine needles and after three 
recrystallizations melted at 185-188° with decomposition. 

CuHsyOsN. Calculated C 68.37, H 9.32, N 3.32 
Found (J. De L.). “6 68.25, ** 9.29, ** 3.24 

Methyl 3(a) ,11(a)-Diacetory-12-ketocholanate—621 mg. of 3(a@),11(a)- 
dihydroxy-12-ketocholanic acid were dissolved in 10 ml. of methanol and 
esterified with diazomethane. As the ester failed to crystallize, the oily 
product was dissolved in 5 ml. of glacial acetic acid and acetylated? by the 
addition of 5 ml. of acetic anhydride in the presence of 0.5 ml. of 70 per cent 
HC1OQ,. The solution was chilled in an ice bath and diluted with water, 
and the ester was extracted with ether. Upon recrystallization from ace- 
tone-90-100° petroleum ether the compound formed long, silky needles. 
After two recrystallizations from the same solvent the product melted at 
153—154°; [a] > = +38° (absolute ethanol). 


CxHyO;. Calculated, C 69.02, H 8.79; found (J. De L.), C 68.91, H 8.81 


Wolff-Kishner Reduction of 3(a) ,11(a)-Dihydroxy-12-ketocholanic Acid— 
6.880 gm. of 3(a) ,11(a)-dihydroxy-12-ketocholanie acid were dissolved in 
5 ml. of absolute ethanol and heated under a reflux for 3 hours with 1.0 ml. 
of hydrazine hydrate. The alcohol was partially removed under diminished 
pressure, and the residue dried and transferred to a glass tube with 5.0 ml. of 
absolute ethanol. 25.0 ml. of sodium ethylate, prepared from 2.36 gm. of 


2 Schwenk, E., and Whitman, B., personal communication. 
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sodium, and 0.25 ml. of hydrazine hydrate were added, and the glass tube 
inserted in a steel bomb and heated at 200° for 90 minutes. The reaction 
mixture was neutralized and the product separated into soluble and in- 
soluble barium salts by the procedure of Gallagher and Long (1). 

Methyl 3(a) ,11(a)-Dihydroxycholanate—The soluble barium salt was 
acidified and extracted with ether. 3.698 gm. of acids were obtained, 
which were esterified with diazomethane and crystallized from ethyl ace- 
tate-petroleum ether. 1.077 gm. melting at 93-116° were obtained, which 
upon recrystallization from the same solvents melted at 133-134°; [a], = 
+21.7° (95 per cent ethanol). There was no depression of the melting 
point upon admixture with an authentic specimen of methyl 3(a@) ,11(a)- 
dihydroxycholanate. 


CHO. Calculated, C 73.84, H 10.41; found (J. De L.), C 73.53, H 10.73 


The product was further characterized by conversion to the diacetate 
which melted at 116-118° and gave no depression when mixed with an 
authentic sample of methyl 3(a) ,11(a)-diacetoxycholanate. 

The non-crystalline residue (2.62 gm.) was acetylated and chromato- 
graphed twice on Al,O;. 1.413 gm. of crystalline product melting at 112 
116° were obtained, which showed no depression of melting point when 
admixed with an authentic specimen of methyl 3(a),11(a)-diacetoxy- 
cholanate. The total yield of 3(a),11(@)-dihydroxycholanie acid cor- 
responds to 32.6 per cent of theory. 

For the purpose of estimating the amount of 3,11 ,12-trihydroxycholanic 
acids present in the mixture, advantage was taken of the specific action of 
lead tetraacetate upon vicinal hydroxyl groups. The dialdehyde produced 
from the oxidation of the 11,12-glycol was then further oxidized with 
CrO; after protection of the intact hydroxyl at C-3 by acetylation and the 
amount of acidic product taken as a rough measure of the 3,11, 12-tri- 
hydroxycholanic acid present in the mixture. The non-crystalline residues 
from the methyl 3(a@),11(a)-diacetoxycholanate were combined, saponified 
completely, and the acid converted to the methyl ester. The oily product 
was dissolved in glacial acetic acid and oxidized with lead tetraacetate at 
room temperature. The reaction consumed approximately 3 equivalents 
after 72 hours. The reaction product was extracted with ether, dried, and 
acetylated with acetic anhydride with 0.2 ml. of HClO, as a catalyst. The 
acetylated product was oxidized with CrQO, in glacial acetic acid overnight 
at room temperature. The neutral fraction was then isolated by extraction 
with ether and washing with dilute base and with water. 

The amorphous neutral residue obtained from 1.15 gm. of acetylated 
oxidation product weighed 463 mg. and was chromatographed on alumina. 
73 mg. of methyl 3(a@),11(a@)-diacetoxycholanate (m.p. 114-116°, no depres- 
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sion on admixture with an authentic sample) were obtained. The re- 
mainder of the material was oily and could not be crystallized. A control 
experiment in which the acetylated product was oxidized with CrO, with- 
out previous oxidation with lead tetraacetate gave an almost quantitative 
yield of neutral material. These results indicate that about 15 per cent of 
the soluble barium salt was 3,11, 12-trihydroxycholanic acid. 

Methyl 3(a)-Acetory-A''-cholenate and Methyl 3(a)-Acetoxycholanate—The 
insoluble barium salt weighed 2.42 gm. or 32 per cent of theory calculated 
as the salt of lithocholenic acid. This was acidified, and the acids isolated 
by extraction with ether were esterified with diazomethane. Acetylation 
with acetic anhydride and pyridine yielded 2.15 gm. of crystalline product 
which was separated by the procedure of Seebeck and Reichstein (6). It 
was dissolved in chloroform and treated with a considerable molar excess of 


TaBie I 


Separation of Products from Insoluble Barium Salts 


Fraction Weight of 


No. (200 Solvent Ratio aa Description 
mi. each) eluate 
an 

| | Petroleum ether 115 Crystalline 

2 ether-benzene 5:1 180 = 

3 - 1:1 183 

4 | Benzene 6S Oily 

5 Benzene-ether 5:1 45 te 

6 


Ether 44 


perbenzoic acid for 16 hours at room temperature. The consumption of 
perbenzoic acid was almost exactly the theoretical value calculated for 
methyl lithocholenate. 2.2 gm. of product were obtained. 220 mg. were 
set aside and the remainder, upon crystallization from acetone and from 
petroleum ether, yielded 850 mg. of material melting at 144-145°; [a], 
= +56.4° (acetone), +34.0° (toluene). This showed no depression of 
melting point on admixture with methyl 3(a)-acetoxy-11 ,12-epoxycholan- 
ate. The mother liquors weighed 748 mg. and were chromatographed on 
20 gm. of alumina. The fractions shown in Table I were obtained. 

Fraction 1 after four recrystallizations from petroleum ether gave 18 
mg. of needles, m.p. 130-131°; [a], = +47.4° (in 95 per cent ethanol). No 
depression of the melting point was observed on admixture with methyl 
3(a)-acetoxycholanate. 


C2;HyO;. Calculated, C 74.95, H 10.25; found (A. J. H.-S.), C 75.60, H 10.24 
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Fractions 2 and 3 were combined and after two recrystallizations from 
petroleum ether 60 mg. of product melting at 142-144°, [a], = +52.2° 
(acetic acid), were obtained. This compound did not depress the melting 
point of an authentic sample of methyl 3(a)-acetoxy-11 , 12-epoxycholanate 
upon admixture. Fractions 4, 5, and 6 proved difficult to purify and were 
discarded. 

The mother liquors from the recrystallization of Fractions 1, 2, and 3 
(270 mg.) were combined and again chromatographed on alumina. Despite 
careful search and three additional chromatographic separations no sub- 
stance other than small amounts of methyl 3(a@)-acetoxycholanate and 
methyl 3(a)-acetoxy-11,12-epoxycholanate were obtained. 


DISCUSSION - 

From these experiments and the work of Gallagher and Long (1) it would 
appear that the configuration of the 11-hydroxyl group in an 11-hydroxy- 
12-ketosteroid is without influence on the course of the reduction of the 
carbonyl group to a methylene group by the Wolff-Kishner method. The 
same products, 7.c. 3(a@),11(a@)-dihydroxycholanie acid, 3(a)-hydroxy- 
A"-cholenic acid, small amounts of lithocholic acid, and 3 , 11 , 12-trihydroxy- 
cholanic acids, are obtained from both the 11(@)- and 11(8)-hydroxy-12- 
ketocholanic acids. These results substantiate the view that in the course 
of the Wolff-Kishner reduction at least partial inversion at C-11 invariably 
occurs in that both diastereoisomers yield the same products. Subsequent 
to the reduction of the 12-ketonic group, the hydroxy] in the 8 configura- 
tion at C-11 is eliminated with the introduction of a double bond from C-11 
to C-12, whereas the 11(a)-hydroxyl group is stable under the experimental 
conditions. The small amounts of lithocholic acid consistently obtained 
in the reaction products may be due to reduction of the A"™-lithocholenic 
acid by the products of alkaline decomposition of hydrazine. 

The findings recorded here would appear to make unnecessary the sepa- 
ration of the insoluble sodium salt of 3(a),11(8)-dihydroxycholanic acid 
in the procedure of Gallagher and Long (1) for the introduction of the 11- 
hydroxy] group in the steroid nucleus, since both epimers at C-11 yield the 
same products. It may be found, however, that despite the slightly higher 
yield of 3(a) ,11(a)-dihydroxycholanic acid from 3(a@) , 11(a@)-dihydroxy-12- 
ketocholanic acid the accumulation of side products from the bromin- 
ation of the 12-ketone may make the separation of the desired product 
more difficult. 

It is likewise apparent from these experiments that 3(a) ,11(a)-dihy- 
droxy-12-ketocholanic acid is in part converted to 3,11,12-trihydroxy- 
cholanic acids in the Wolff-Kishner reduction, since there was a noticeable 
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reaction with lead tetraacetate in the products remaining after isolation of 
the major portion of 3(a) ,11(a)-dihydroxycholanic acid. These trihydroxy 
acids are consistently found as products of the Wolff-Kishner reduction of 
both diastereoisomeric 3(a) ,11-dihydroxy-12-ketocholanic acids despite 
the presence of excess hydrazine in the reaction mixture. Their formation 
has been discussed in Paper IV (1) of this series. Since the principal ob- 
ject of this investigation was the configuration of the 3,11-dihydroxy- 
cholanic acid formed in the Wolff-Kishner reaction, these side products 
were not further investigated. 


SUMMARY 


1. 3(a) , 11(a@)-Dihydroxycholanic acid was obtained by Wolff-Kishner 
reduction of 3(a) ,11(a)-dihydroxy-12-ketocholanic acid. 

2. Lithocholic and A"-lithocholenic acids were likewise isolated from the 
products of reaction. 

3. The presence of 3,11,12-trihydroxycholanic acids in the reaction 
products was indicated by oxidation with lead tetraacetate. 

4. The Wolff-Kishner reduction of 3(a@) , 11(a)-dihydroxy-12-ketocholanic 
acid yields qualitatively the same products as that of the 11(@) diastereoiso- 
mer. 
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PARTIAL SYNTHESIS OF COMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 


VI. THE STRUCTURE OF THE “3(a@),11-DIHYDROXY-12-KETOCHOLANIC 
ACID” OF MARKER AND LAWSON AND OF THE PRODUCTS OBTAINED 
BY “WOLFF-KISHNER REDUCTION’’* 


By T. F. GALLAGHER 


(From the Department of Biochemistry of the University of Chicago, Chicago) 
(Received for publication, September 8, 1945) 


In 1938, Marker and Lawson (1) prepared a compound to which they 
assigned the structure 3(a) , 11-dihydroxy-12-ketocholanic acid. Longwell 
and Wintersteiner (2) in 1940 found that this compound did not give the 
expected ketonic derivatives. Upon treatment with hydrazine and sodiuth 
ethylate at 200° the compound yielded a product melting at 162-163° with 
the empirical formula C.H;s0;-}H:O. This was regarded as resulting 
from the elimination of both oxygen atoms from Ring C. Subsequently, 
Marker, Shabica, Jones, Crooks, and Wittbecker (3) reinvestigated the 
reaction of the compound with hydrazine and sodium ethylate and isolated 
a substance melting at 136° with the empirical formula CH oO;. This 
product was assigned the structure 3,11,12-trihydroxycholanic acid and 
its formation was interpreted as involving an abnormal Wolff-Kishner 
reduction of the type studied by Dutcher and Wintersteiner (4). 

Long and Gallagher (5) prepared 3(a) ,11(8)-dihydroxy-12-ketocholanic 
acid, which differed from the Marker and Lawson acid in its physical 
properties and, in addition, readily formed ketonic derivatives. Later 
Gallagher and Hollander (6) described the epimer of this compound, viz. 
3(a),11(@)-dihydroxy-12-ketocholanic acid, which likewise differed from the 
acid of Marker and Lawson both in its physical properties and in its ability 
to form ketonic derivatives. A comparison of the acetylated methyl esters 
of these two 3(a) ,11-dihydroxy-12-ketocholanic acids epimeric at C-11 
with the corresponding derivative of the Marker and Lawson acid is pre- 
sented in Table I. From these data the conclusion can be drawn that the 
structure originally assigned to their compound by Marker and Lawson 
was incorrect. 

In view of the following facts, it seems probable that the Marker and 
Lawson acid has the carbonyl group at C-11 rather than C-12: (1) Both 
3(«) ,11-d:hydroxy-12-ketocholanic acids epimeric at C-11 readily form 


* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago. 
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ketonic derivatives, whereas the compound of Marker and Lawson does 
not. (2) Both 3(a),11-dihydroxy-12-ketocholanie acids epimeric at C-1] 
yield 3(a),11(a)-dihydroxycholanie acid among the products of Woili- 
Kishner reduction, whereas this substance is not formed in appreciable 
amounts when the Marker and Lawson acid is subjected to the same treat 
ment. (3) Since the properties of the two 3(a),11-dihydroxy-12-ket 

cholanic acids are consistent with the configurations assigned, 7.c. the t1(¢ 

hydroxy derivative is resistant to acetylation despite the activating inf, 
ence of the a-keto group, whereas the 11(a)-hydroxy acid is readily acet- 
ylated, it can be safely assumed that no unexpected rearrangement hs 
occurred in their preparation. On the other hand, the Marker and Law 
son acid is prepared by vigorous alkaline hydrolysis of the 1 1-bromo-12-keto 
acid, under which conditions the maximum opportunity is offered for re- 


TABLE [| 


Acetylated Esters of 3(a),11-Dihydrory-12-ketocholanates and of the Marker and 
Lawson Acid 


Compound M.p. lalp 
ie degrees 

Methyl 3(a), 11(a@)-diacetoxy-12-ketocholan- 

ate* 153-154 +38 
Methyl 3(a),11(8)-diacetoxy-12-ketocholan- 

ateT 109-110 +124 
Methyl! 3(a@), 12(8)-diacetoxy-11-ketocholan- 

atet 69 +54.5 


* Data of Gallagher and Hollander (6). 
t Data of Long and Gallagher (5). 
t Data of Wintersteiner, Moore, and Reinhardt (7). 


arrangement of the ketol structure. (4) Both 11-bromo-12-keto acids are 
converted to the Marker and Lawson acid by heating with strong alkali. 
Since these two bromo keto acids yield different products when hydrolyzed 
by alkali at room temperature, it is most probable that a rearrangement 
has occurred with the Marker and Lawson acid. 

Since the ketone group must be either at C-11 or C-12 in Ring C, the re- 
arrangement product is almost certainly 11-keto-3 , 12-dihydroxycholanic 
acid. This conclusion is supported by the results obtained when the 
Marker and Lawson acid is heated with hydrazine and sodium ethylate 
at 200°. The principal products of the reaction are a mixture o. 3, 11,12 | 
trihydroxycholanic acids together with smaller amounts of lithocholie 
and lithocholenic acids. It would thus appear that both Longwell and 
Wintersteiner (2) and Marker, Shabica, Jones, Crooks, and Wittbecker — 
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(3) were partly correct concerning the substances isolated from the Wolff- 
Kishner reduction. 

The work reported in this paper was undertaken before the structure 
of the Marker and Lawson acid was understood, and with the object of 
preparing a 3,11-dihydroxycholanic acid. Although this object was not 
realized, it was possible to characterize certain of the products obtained 
when the Marker and Lawson acid was heated with sodium ethylate at 
210° in the presence of excess hydrazine. Wintersteiner, Moore, and Rein- 
hardt (7) simultaneously attacked the same problem and the progress of 
the investigations in the two laboratories has been accompanied by a 
continuous exchange of results. It is a pleasure to acknowledge the friendly 
cvoperation of the Squibb investigators. 


EXPERIMENTAL! 


3(a) ,12(8)-Dihydroxy-11-ketocholanic Acid from Methyl 3(a)-Acetoxy-11- 
(8)-bromo-12-ketocholanate—3.00 gm. of methyl 3(a)-acetoxy-11(8)- 
bromo-12-ketocholanate were refluxed for 20 minutes with 25 ml. of 20 
per cent potassium hydroxide in methanol. The solution was diluted with 
water and poured slowly into cold dilute sulfuric acid. The precipitate 
was washed thoroughly with water, dried, and recrystallized from 95 per 
cent ethanol. A total of 1.67 gm. melting at 200° was obtained in three 
crops for a yield of 72 per cent of theory. Upon admixture with a speci- 
men of “3(a) , 11-dihydroxy-12-ketocholanic acid” (m.p. 206°), kindly given 
to us by Dr. O. Wintersteiner, the melting point was 201-205°. The acid 
was converted to the methyl ester with diazomethane. After recrystalliza- 
tion from methanol the methyl ester melted sharply at 155-156° and gave 
no depression with an authentic sample. ! 

3(a) ,12(8)-Dihydroxy-11-ketocholanic Acid from Methyl 3(a)-Acetoxy- 
11(a)-bromo-12-ketocholanate—1.79 gm. of methyl 3(a)-acetoxy-11(a)- 
bromo-12-ketocholanate (m.p. 157—161°) were dissolved in 55 ml. of 20 per 
cent KOH in 90 per cent ethanol and heated under a reflux for 1 hour. The 
product was isolated as in the previous experiment. 837 mg. melting at 
199-201° were obtained in the first two crops or a yield of 64 per cent of 
theory. The product gave no depression with an authentic sample. One 
recrystallization from ethyl acetate raised the melting point to 201-204°. 

3(a) ,12(8)-Dihydroxy-11-ketocholanic acid was also prepared by vigor- 
ous alkaline hydrolysis of 3(a),11(8)-dihydroxy-12-ketocholanic acid. 

Wolff-Kishner Reduction of 3(a) ,12(8)-Dihydroxy-11-ketocholanic Acid— 


1 All melting points are corrected. The microanalyses were performed by Dr. 
Joseph Alicino (J. A.), The Squibb Institute for Medical Research, New Brunswick, 
New Jersey, and Mr. John De Lucia (J. De L.), New York. I wish to express my 
appreciation for this service. 
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A mixture of 6.0 gm. of 3(a@),12(8)-dihydroxy-11-ketocholanic acid and 
6.0 ml. of 100 per cent hydrazine hydrate was heated overnight at 100° in 


an open glass bomb tube, protected by a CaCl, tube. A solution of sodium , 


ethylate containing 4 gm. of sodium in 55 ml. of absolute ethanol was added, 
and the tube sealed and heated at 200° for 10} hours. The contents were 
rinsed into an excess of hydrochloric acid and the acids extracted with 
ether. The crude acids were esterified with diazomethane and the oily 
esters were dried in a vacuum oven at 50°for 14 hours. The esters were 
chromatographed over 100 gm. of aluminum oxide and separated into four 
fractions by successive elution with ether (Fraction 1), ether-ethyl ace- 
tate, 1:1 (Fraction 2), ethyl acetate (Fraction 3), and with methanol 
(Fraction 4). 

Methyl 3(a)-Hydroxy-A"-cholenale (?)—Fraction 1 contained 1.44 gm. 
of solids which crystallized readily from 90-100° petroleum ether and melted 
at 94-97°. The product gave no depression when mixed with an authentic 
specimen of methyl 3(a@)-hydroxy-A"-cholenate. The weight of crystalline 
material obtained from this crop was 925 mg. or 17.2 per cent of theory. 
For further characterization, the compound was acetylated in pyridine 
with acetic anhydride. The acetylated methyl ester melted at 121-124° 
and gave no depression when mixed with an authentic specimen of methyl 
3(a)-acetoxy-A'-cholenate. When mixed with methyl 3(a)-acetoxychol- 
anate (m.p. 135.5-137°), the melting point was 124-128°. 

Fraction 2, eluted from the column with ether-ethyl acetate, 1:1, con- 
tained 1.40 gm. of solids and failed to crystallize. It was therefore dis- 
solved in ether and rechromatographed over 20 gm. of aluminum oxide. 

The column was eluted with ether (500 ml.), with ether-ethy] acetate, 
1:1 (600 ml.), and with ethyl acetate (500 ml.). From the ether eluate, 
580 mg. of semicrystalline solids were obtained. These were combined 
with the non-crystalline residues from Fraction 1 (450 mg.) and acetylated 
by heating with pyridine and acetic anhydride. 634 mg. (10 per cent of 
theory) of crystals melting at 117-120° were obtained, which showed no 
depression when mixed with methyl 3(a)-acetoxy-A"-cholenate. The total 
yield was 27 per cent of theory. In all probability, this product is a mix- 
ture of A"-lithocholenic acid and lithocholic acid, since the melting point 
of the acetylated methyl ester is slightly higher than that of the purest 
sample of authentic methyl 3(a)-acetoxy-A"-cholenate (118-120°). The 
reduction of 3(a) ,11(8)-dihydroxy-12-ketocholanic acid (8) and 3(a) , 11(a@)- 
dihydroxy-12-ketocholanic acid (6) yielded these same two substances 
which form mixed crystals (9). 

The ether-ethyl acetate eluates and the ethyl acetate eluates proved 
impossible to crystallize and were not further investigated. 

3(a) ,11(a) ,12(a)-Trihydroxycholanic Acid—Fraction 3 contained 858 
mg. and failed to erystallize readily. It was saponified with n NaOH 
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at room temperature angi the acids isolated by acidification and thorough 
washing with water. The crude acids were crystallized from ethyl acetate 
and a product which melted at 131° was obtained. After two recrystalli- 
zations from the same solvent, it melted at 173-175° with preliminary soft- 
ening at 145-165°; [a]?! = +31° (absolute ethanol). 


CuHyoO;. Caleulated, C 70.55, H 9.87; found (J. A.), C 70.28, H 9.84 


Fraction 4, obtained from the column with methanol, weighed 2.14 gm. 
and did not crystallize readily. It was saponified with n NaOH at room 
temperature and the acids isolated by precipitation with acid. These 
were washed, dried, and recrystallized from ethyl acetate. The product 
from the first crystallization weighed 524 mg. and melted at 133° with 
bubbling. After four recrystallizations from ethyl acetate, the air-dried 
product melted at 135-140° with bubbles. After 6 hours drying at 100° 
in a good vacuum the compound melted at 170-172° with preliminary 
sintering at 140°; [a] 3} = +27° (absolute ethanol). The compound was 
either a hydrate of 3(a@) , 11(@) ,12(@)-trihydroxycholanic acid or was slightly 
impure, because when mixed with the acid obtained from Fraction 3 there 
was a slight depression of the melting point to 168—172°. 

Methyl 3(a) ,11(a) ,12(a)-Triacetoxycholanate—116 mg. of 3(a),11(a),- 
12(a)-trihydroxycholanic acid were esterified with diazomethane and the 
product acetylated by heating for 2 hours with acetic anhydride and pyri- 
dine. The ester was isolated in the usual manner, freed from traces of 
colored impurity by passage over aluminum oxide, and crystallized from 
dilute methanol. After one recrystallization from this solvent and one 
recrystallization from 90-100° petroleum ether the compound melted at 
163.5-165°; [a}}' = +33° (chloroform). 


CyHysOs. Caleulated, C 67.85, H 8.82; found (J. A.), C 67.81, H 8.72 


Methyl 3(a) ,11(a) ,12(8)-Triacetoxycholanate—The non-crystalline resi- 
dues from Fractions 3 and 4 were combined and esterified with diazo- 
methane. The esters were acetylated with acetic anhydride and pyridine 
by heating under a reflux for 14 hours, and the reaction product diluted 
with water and extracted with ether. After removal of the ether, the 
residue crystallized from ethyl acetate. 200 mg. of a product melting at 
181—185° were obtained in the first crop. After two recrystallizations from 
90-100° petroleum ether it formed long needles melting at 188-189.5°; [a]®! 
= +54° (chloroform). 


CyHysOs. Caleulated, C 67.86, H 8.82; found (J. A.), C 67.68, H 8.80 


The mother liquor from the first crop yielded 745 mg. of crystals from 
0-100° petroleum ether. These softened from 119-149° and gave a 
clear melt at 161°. Fractional crystallization from petroleum ether yielded 
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125 mg. of triacetate methyl ester melting at 188-189.5° and 389 mg. 
of a compound melting at 150-153°. Two _ recrystallizations of 
the latter from dilute methanol gave a product which melted sharply at 
163.5-165°, [a}' = +33° (chloroform), and showed no depression when 
mixed with methyl 3(a) ,11(a) , 12(a)-triacetoxycholanate. 

3(a) ,11(a) ,12(8)-Trihydroxycholanic Acid—226 mg. of methyl 3(a),- 
11(a) ,12(8)-triacetoxycholanate were dissolved in 2.5 ml. of methanol, 
2.5 ml. of 2.93 n KOH added, and the mixture heated under a reflux for 
3 hours. 1.727 milliequivalents of alkali were consumed; calculated for 
Cy HysOs (4 equivalents), 1.648 ml. The acid, isolated by acidification and 
extraction with ether, crystallized from ethyl acetate in needles which after 
two recrystallizations from the same solvent melted at 164-166°; [a] = 
+45° (absolute ethanol). 


CaHyoO;. Calculated, C 70.55, H 9.87; found (J. De L.), C 70.47, H 9.76 


3(a) ,11(8) ,12(a)-Trihydroxycholanic Acid—In a second experiment 
in which 1.55 gm. of 3(a),12(a)-dihydroxy-11-ketocholanic acid were 
reduced with hydrazine and sodium ethylate, the three acids already 
described were obtained in similar yields by essentially the same _ proce- 
dures. In addition, however, Fractions 2 and 3 eluted respectively from 
aluminum oxide with ethyl acetate-ether, 1:1, and ethyl acetate upon 
saponification yielded an acid which crystallized in prisms from ethyl 
acetate. The product melted at 140° and foamed at 165-170°. After 
three recrystallizations from ethyl acetate the air-dried product melted 
at 138° and formed bubbles at 143-145°. After 6 hours drying at 90° in 
a high vacuum, it sintered weakly at 139-140° and melted at 147—149° 
with some indication of bubbling; [a]? = +54° (absolute ethanol). 


CaHgOs. Calculated, C 69.94, H 9.90; found (J. A.), C 69.85, H 9.63 


The amount of material obtained was too small for further characterization. 
Methyl 3(a) ,11(8) ,12(a)-Triacetoxycholanate*—1.675 gm. of 3(a) ,12(a)- 
dihydroxy-11(8)-acetoxycholanic acid, prepared by the method of Long 
and Gallagher (5), were esterified with diazomethane and heated under a 
reflux for 2 hours with 3.5 ml. of acetic anhydride in 20 ml. of pyridine. 
The ester was isolated in the usual manner and crystallized from petroleum 
ether. 1.62 gm. were obtained, melting at 123-124°. The product was 
freed from a small amount of colored material by passage through a short 
column of aluminum oxide and after three recrystallizations large prisms 
which melted at 129-130° were obtained; [a] = +51° (chloroform). 
CyHgOs. Calculated, C 67.86, H 8.82; found (J. De L.), C 67.81, H 9.03 


2 Prepared by Miss Evelyn Borgstrom. 
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3(a) ,11(8) ,12(a)-Trihydroxycholanic Acid?—1.57 gm. of methyl 3(a),- 
11(8) ,12(a)-triacetoxycholanate were hydrolyzed by boiling for 4 hours 
under a reflux with 30 ml. of methanol and 75 ml. of 2N NaOH. The 
solution was acidified and extracted with ether. The acid crystallized 
from ethyl acetate as prisms which softened at 121° and melted with bubbles 
at 122-125°. Four recrystallizations from ethyl acetate yielded clusters of 
needles which on standing changed to prisms. These sintered slightly at 
129-130° and melted at 145-146° after thorough drying at 100° in a high 
vacuum; [a]? = +54° (ethanol). 

DISCUSSION 

It is clear from the experimental results that the principal products 
obtained when the Marker and Lawson acid, 3(a@),12(8)-dihydroxy-11- 
ketocholanic acid, is heated with hydrazine and sodium ethylate are 3(q) , - 
11, 12-trihydroxycholanic acids and smaller amounts of substances in which 
both oxygen atoms in Ring C have been eliminated. It is doubtful whether 
the reduction can be considered a Wolff-Kishner reaction of the abnormal 
type described by Dutcher and Wintersteiner (4), since the initial formation 
of a hydrazone has not been demonstrated. It is far more likely that the 
trihydroxy acids are formed by the reducing action of hydrazine and its 
decomposition products in the alkaline solution. In order to account for 
the products in which oxygen is eliminated from Ring C it must be assumed 
that the 11-keto-12-hydroxy acid is in equilibrium with an 11-hydroxy-12- 
keto acid which can form a hydrazone; subsequent reduction of this group 
results in a product unsaturated in Ring C. This explanation would assume 
that a reaction analogous to that postulated by Gallagher and Long (8) for 
the reduction of 3(a),11(8)-dihydroxy-12-ketocholanie acid had taken 
place; 7.e., that 3(@) ,11-dihydroxycholanic acid is formed as an intermedi- 
ate and that elimination of the 11-hydroxyl group occurs as in the accom- 
panying partial formulations. In this work the monohydroxy acids were 
not separated from each other although they were undoubtedly a mixture, 
as noted in the experimental section. Gallagher and Long (8) have shown 
that the products obtained from the Wolff-Kishner reduction of 3(a),- 
11(8)-dihydroxy-12-ketocholanic acid were a mixture of A'-lithocholenic 
acid and lithocholic acid in which A*"-lithocholenic acid was either absent 
or present only in traces. Similar results were obtained by Gallagher and 
Hollander (6) in the reduction of 3(a@),11(a@)-dihydroxy-12-ketocholanic 
acid. If the explanation of these authors is correct, a similar mixture, but 
in a smaller yield, is formed in this reaction. Likewise, some 3(a) , 11(a@)- 
dihydroxycholanic acid should have been formed. Although it was not 
isolated from these experiments nor was it observed by Wintersteiner, 
Moore, and Reinhardt (7), it may have been present in small amounts and 
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escaped isolation. It is certain, however, that it does not constitute any 
considerable portion of the reaction product. 

The four possible 3,11,12-trihydroxycholanic acids stereoisomeric at 
C-11 and C-12 have been isolated as a result of this investigation and that 
of Wintersteiner, Moore, and Reinhardt (7). They are described in Table 
II. The products which correspond most closely with the compound 
described by Marker, Shabica, Jones, Crooks, and Wittbecker (3) are 
either 3(a),11(8),12(a)-trihydroxycholanie acid (m.p. 145-147°; [al], 
= +54°) or the hydrate of 3(a),11(a),12(a)-trihydroxycholanic acid 
(m.p., air-dried product, 135-140° with bubbles; [a], = +27°). Unfor- 
tunately the rotation was not recorded by these investigators. 
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The configuration of the four trihydroxycholanic acids can be ascertained 
only by consideration of both the results of this investigation and that of 
Wintersteiner, Moore, and Reinhardt (7). The latter authors have pro- 
vided evidence for the configuration of 3(a),11(a),12(a)-trihydroxy- 
cholanic acid by the preparation of this compound from A"-lithocholenic 
acid with osmium tetroxide. This result establishes the configuration of 
the two hydroxyl groups in Ring C as either 11(8) ,12(8) or 11(a),(12(a). 
Since these authors have shown that the compound is completely acetylated 
and saponified quite readily, there can be little doubt that the C-11 hy- 
droxy] group is in the a configuration, since an 11(8)-hydroxy] is not easily 
acetylated and has a very marked tendency to be eliminated from the mole- 





cule. 
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The configuration of 3(a),11(8),12(@)-trihydroxycholanic acid has been 
established through its preparation by acetolysis of the oxide of A"-litho- 
cholenic acid. The chemical behavior of the product and its derivatives 
described in Paper II (10) are in agreement with the configuration which 
has been assigned. 

The two possible structures for the remaining two 3,11, 12-trihydroxy- 
cholanic acids are 3(a),11(a@),12(8) and 3(a),11(8),12(8). <A decision 
on the configuration of these two isomers can be made, since one of them 
forms a methyl ester triacetate melting at 188-189.5°. The ready in- 
troduction of an acetoxy group at C-11 is possible only if the hydroxyl 
group is in the @ or unhindered configuration; 7.¢., trans to the angle methyl 
group at C-10. Moreover, Wintersteiner, Moore, and Reinhardt (7) 
have shown that methyl 3(a),11(q@),12(8)-trihydroxycholanate can be 
converted to a diacetoxy monohydroxy ester by acetylation with acetic 
anhydride and pyridine at room temperature. Oxidation of this deriva- 


TasB_e II 


Tsomeric 3(a),11,12-Trihydroxycholanic Acids 





| 











Compound | M.p. la]p 
| , a | degrees 

3(a),11(@),12(@)-Trihydroxycholanic acid 173-175 +31 
3(a@),11(@),12(8)-Trihydroxycholanic ‘ 164-166 +45 
3(a),11(8),12(8)-Trihydroxycholanic ‘“ *.., 177 +43 
3(@),11(8),12(@)-Trihydroxycholanie “ .. || 145-147 +54 





* Data of Wintersteiner, Moore, and Reinhardt (7). 


tive yielded methyl 3(a) , 11(a)-diacetoxy-12-ketocholanate identical with 
the product obtained by Gallagher and Hollander (6), in Paper V of this 
series. There can therefore be little doubt that this compound has the 
a configuration at C-11, and since the possibility for an a configuration of 
the C-12 hydroxy] has already been excluded, it follows that the structure 
is 3(a) ,11(a@) ,12(8)-trihydroxycholanic acid. 

The configuration of the remaining product which was not isolated in 
these experiments can be assigned by exclusion as 3(a@),11(8),12(8)- 
trihydroxycholanic acid. The results of Wintersteiner, Moore, and Rein- 
hardt (7) completely confirm this conclusion, since the product yielded 
only a diacetate methyl ester upon mild acetylation whereas it was de- 
stroyed by vigorous treatment with acetic anhydride in pyridine. This is 
consistent with the labile character of the 11(8)-hydroxyl group. The 
diacetoxy monohydroxy methyl ester, however, upon oxidation with CrO; 
was converted to the methyl ester diacetate of the Marker and Lawson acid. 
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This important result furnishes additional proof for the 11-keto structure 
assigned on the basis of our experiments and furthermore establishes the 
configuration of the C-12 hydroxyl group in the Marker and Lawson acid. 
This finding likewise confirms the assumption that the molecule has under- 
gone no extensive rearrangement. It can therefore be concluded that this 
fourth isomer has the structure 3(a) ,11(8),12(8)-trihydroxycholanie acid 
and that the configuration of the Marker and Lawson acid is 3(a) ,12(8)- 
dihydroxy-11-ketocholanic acid. 


I am indebted to Miss Joanna Xenos for technical assistance and to Miss 
Evelyn Borgstrom for the preparation of two compounds. 


SUMMARY 

1. The “3,11-dihydroxy-12-ketocholanic acid” of Marker and Lawson 
is actually 3(a) , 12(8)-dihydroxy-11-ketocholanic acid. 

2. When heated with hydrazine and sodium ethylate at 200° this com- 
pound is converted in part to lithocholic and lithocholenic acids and in 
part to four diastereoisomeric 3,11 ,12-trihydroxycholanic acids. Three 
of these acids were isolated in this investigation. 

3. Configurations have been assigned to the four 3,11 ,12-trihydroxy- 
cholanic acids upon the basis of their reactions and their preparation by 


alternate methods. 


BIBLIOGRAPHY 
and Lawson, E. J., J. Am. Chem. Soc., 60, 1334 (1938). 


1. Marker, R. E., 

2. Longwell, B. B., and Wintersteiner, O., J. Am. Chem. Soc., 62, 200 (1940). 

3. Marker, R. E., Shabiea, A. C., Jones, E. M., Crooks, H. M., Jr., and Wittbecker, 
E. L., J. Am. Chem. Soe., 64, 1228 (1942). 

4. Dutcher, J. D., and Wintersteiner, O., J. Am. Chem. Soc., 61, 1992 (1939). 

5. Long, W. P., and Gallagher, T. F., J. Biol. Chem., 162, 511 (1946). 

6. Gallagher, T. F., and Hollander, V. P., J. Biol. Chem., 162, 533 (1946). 

7. Wintersteiner, O., Moore, M., and Reinhardt, K., J. Biol. Chem., 162, 707 (1946). 

8. Gallagher, T. F., and Long, W. P., J. Biol. Chem., 162, 521 (1946). 


9. Seebeck, E., and Reichstein, T., Helv. chim. acta, 26, 536 (1943). 
10. Gallagher, T. F., and Long, W. P., J. Biol. Chem., 162, 495 (1946). 


~ 
_ 











d 
( 
ke 


th 


the 
of 


exp 


Mey 
in 7 


a 


i= 


5). 








PARTIAL SYNTHESIS OF COMPOUNDS RELATED TO ADRENAL 
CORTICAL HORMONES 


VII. DEGRADATION OF THE SIDE CHAIN OF CHOLANIC ACID* 


By VINCENT P. HOLLANDER? anpb T. F. GALLAGHER 
(From the Department of Biochemistry of the University of Chicago, Chicago) 


(Received for publication, September 8, 1945) 


The stepwise degradation of the bile acid side chain by the Barbier- 
Wieland procedure is cumbersome, especially when large amounts of 
material must be manipulated, and in the majority of instances the yields 
are far from satisfactory (1-4). Removal of the side chain by oxidation in 
one step with CrQO;, as in the familiar degradation of the cholesterol side 
chain (5), when applied to the bile acids yields very small amounts of etio 
acid. The neutral products of oxidation are difficult to separate and are 
likewise obtained in small yield (6). The work recorded here was begun 
as a model experiment in the hope that a procedure could be devised in 
which the side chain of the bile acids could be degraded by 2 carbon atoms 
without the necessity of using the Grignard reaction. Although this end 
was attained, the yield encountered in the final stages was unexpectedly 
poor and at the present time it would appear that the method is unsatis- 
factory for the removal of the side chain of the bile acids. At the comple- 
tion of this work a preliminary report of the experiments of Jacobsen (7) 
appeared. The procedure of these authors, using the phenyl ketone in- 
stead of the methyl ketone, seems to offer certain advantages which were 
not achieved in the present work. 

The procedure we have investigated is formulated in the accompanying 
diagram. Several complications were encountered. The bromo ketone 
(VI) proved to be difficult to purify. Whether this is caused by traces of 
25-bromo ketone or by the presence of the two possible epimeric 23-bromo 
ketones has not been decided. The dehydrobromination of VI was possible 


* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Chicago. 

t This paper represents a portion of a thesis submitted by Vincent P. Hollander to 
the Division of Biological Sciences of the University of Chicago, in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy. 

' Personal communications from other members of the group and unpublished 
experiments from this laboratory. 

* The promising procedures of Meystre, Frey, Wettstein, and Miescher (8) and of 
Meystre, Ehmann, Neher, and Miescher (9) were received while this manuscript was 
in press. 
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with boiling collidine but the @,8-unsaturated ketone was obtained only 
as an oil. The oxidation of VII by CrO; gave poor yields of VIII. The 
characterization of the final product was difficult because of the several 
isomeric bisnorcholanic acids described in the literature (1). 


EXPERIMENTAL® 


25-Chloromethyl Norcholanyl Ketone (IV)—9.0 gm. of cholanic acid (I) 
were dissolved in 25 ml. of thionyl chloride purified by the procedure of 
Glattfeld and Kribben (10) and the solution allowed to stand at room tem- 
perature for 4 hours. The excess thionyl chloride was distilled under 
diminished pressure on the steam bath and the removal completed by the 
distillation of fresh portions of benzene from the crystalline mass. The 


R= 
CH, () 
"s e i? a 
R -C-CH2-CH2-C-OH S$OCe» R- G-Gg-CHy~C~ Ce 
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acid chloride was dissolved in 100 ml. of benzene and with continuous 


stirring and cooling to — 10° added dropwise to a large excess of ethereal 
diazomethane, previously dried with sodium wire. The reaction mixture 
stood overnight, during which time the temperature was permitted to rise 
to that of the room. The diazo ketone failed to crystallize readily and 


even after chromatographing 1.08 gm. on Al,O; no crystalline product was 
obtained. The remainder of the diazo ketone was therefore treated with | 


300 ml. of a 3.5 N solution of hydrogen chloride in anhydrous ether and the 
reaction mixture allowed to stand for 10 minutes. The ether was washed 


* All melting points are corrected. The microanalyses were performed by Dr. 
Joseph Alicino (J. A.), The Squibb Institute for Medical Research, New Brunswick, 
New Jersey, and Mr. John De Lucia (J. De L.), New York, Dr. T. S. Ma (T. 8. M,), 
Department of Chemistry of the University of Chicago, and Professor A. J. Haagen- 


Smit (A. J. H.-S.), California Institute of Technology. We wish to express our 


appreciation for this service. 
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with dilute NaeCO,; solution and with water, dried over Na»SO,, and the 
ether removed. 9.0 gm. of crude crystalline product were obtained. This 
was purified by chromatographing on 60 gm. of Al.O; and 6.1 gm. of prod- 
uct obtained which after two recrystallizations from methanol and from 
acetone gave needles with a melting point of 109-110°; [a] = +21.7° 
(CHC\). 


CsH,OCl. Calculated. C 76.40, H 10.51, Cl 9.02 
Found (J. A.). ‘* 76.29, ** 10.51, ‘* 9.41 


Norcholanyl Methyl Ketone—4.1 ym. of slightly impure 25-chloromethy] 
norcholany! ketone were dissolved in 20 ml. of glacial acetic acid, 10 gm. of 
granulated zinc added, and the mixture heated under a reflux for 2 hours. 
The solution was cooled, ether added, and the zinc removed by decantation. 
The ether solution was extracted with NaHCO; solution and with water 
and the ether removed. 3.6 gm. of crude product were obtained, which 
was purified by chromatographic adsorption on Al,O;. 1.98 gm. of ana- 
lytically pure material were obtained together with smaller quantities of 
colored crystalline product which were discarded. Recrystallized from 
acetone and from methanol the compound formed long thin needles, m.p. 
114-115°; [a]3’ = +22.5° (CHC\,). 


C.;H.wO. Calculated, C 83.73, H 11.78; found (J. A.), C 83.30, H 11.64 


23-Bromonorcholanyl Methyl Ketone—1.65 gm. of norcholanyl methyl 
ketone were dissolved in 50 ml. of glacial acetic acid, and 15.2 ml. of 0.130 
N Br in glacial acetic acid and 2 drops of 48 per cent aqueous hydrobromic 
acid added. After 1 hour the reaction mixture was diluted with water and 
extracted with ether. The ether solution was washed with NaHCO, 
solution and with water and the ether removed. The residue was purified 
by chromatographic adsorption on alumina.‘ 1.97 gm. of a light oil were 


‘In earlier experiments with this substance and 25-bromomethyl norcholanyl 
ketone chromatographic adsorption had been used in pyrification. Considerable 
difficulty was experienced in obtaining satisfactorily pure preparations and the halo- 
gen values were invariably low. Mr. W. Saschek, Department of Biochemistry, 
Columbia University, called our attention to his observation that the silver halide 
precipitate obtained in his microanalysis appeared to be silver chloride rather than 
silver bromide; analysis of the silver salt confirmed this observation. We were at 
that time using an alumina which had been extracted with 10 per cent hydrochloric 
acid and subsequently washed twenty times with distilled water. Although the final 
seven washings were neutral, the alumina still contained considerable chloride ion. 
An exchange reaction apparently occurred on the column. This possibility is of im- 
portance when sensitive substances are chromatographed. We have since substi- 
tuted acetic acid in the extraction of base from commercial alumina and have not 
experienced any similar difficulty. We should like to express our appreciation for 
the assistance of Mr. Saschek. 
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eluted with 60-70° petroleum ether and crystallized from methanol. It 
proved difficult to obtain a product with a sharp melting point and seven 
crystallizations were required before long needles of constant melting 
point, 94.5~-95.5°, were obtained; [a]?#8 = +86.8° (CHC). 


C.Hy,OBr. Caleulated. C 68.63, H 9.45, Br 18.27 
Found (T. 8. M.). ‘* 69.09, ** 9.05, ‘* 18.37 


Methyl Bisnorcholanate and Bisnorcholanic Acid—2.38 gm. of 23-bro- 
monorcholanyl methyl ketone were heated under a reflux for 4 hours with 
5.0 ml. of redistilled collidine. After cooling, ether was added and the 
solution washed with dilute HCl and with water, and the ether removed. 
The dark gummy residue was dissolved in petroleum ether and chromato- 
graphed over 30 gm. of alumina. The eluate from 500 ml. of petroleum 
ether consisted of 1.20 gm. of a light yellow oil. Attempts to crystallize 
this product were unavailing. It was dissolved in 45 ml. of glacial acetic 
acid, 50 ml. of 1.36 N CrO,; were added, and the mixture was allowed to 
stand for 18 hours at room temperature. The excess CrO; was destroyed 
by the addition of methanol and the product separated into acid and 
neutral fractions. The neutral fraction weighed 517 mg. The acid 
fraction (174 mg.) was esterified with diazomethane and purified by chro- 
matographic separation on alumina. 29 mg. of feathery crystals were 
obtained which upon recrystallization from ethanol melted at 115-117°; 
[a]? = +22.6° (CHCI,); [a]? = +21.4° (95 per cent ethanol). 


CagHysO2.. Calculated, C 79.83, H 11.07; found (J. De L.), C 79.32, H 11.15 


The methyl ester was saponified with 0.05 Nn alcoholic NaOH under a 
reflux and the acid obtained crystallized from petroleum ether as small 
prisms, m.p. 171-175°; [a], = +10° (95 per cent ethanol). For the 
¢ isomer of bisnordesoxycholic acid Wieland, Schlichting, and Jacobi (1) 
report the melting point of the free acid as 181°, [a]?” = +14°, and the 
methyl ester melting point 117°. 

In a subsequent experiment isolation of the bisnorcholanic acid was 
achieved by preliminary saponification of the methyl esters of the acidic 
fraction with alcoholic base at room temperature, since methyl bisnor- 
cholanate is saponified with difficulty under these conditions. 674 mg. 
of acids were esterified with diazomethane. The product was dissolved 
in 15 ml. of 95 per cent ethanol; 1.0 ml. of 3.2 N NaOH was added and the 
solution allowed to stand at room temperature for 2 hours. 341 mg. of 
unhydrolyzed esters were obtained. These were completely hydrolyzed 
by heating under a reflux with alcoholic base and the acids isolated. 161 
mg. were obtained which crystallized poorly from petroleum ether. The 
product was esterified with diazomethane and the ester recrystallized from 
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ethanol as needles, m.p. 65-66°; [a]®> = +9.1° (chloroform); +30.3° 
(ethanol). 


CosHysO2. Calculated, C 79.83, H 11.07; found (A. J. H.-S.), C 79.97, H 11.04 


The methyl ester was saponified with 0.05 n NaOH under a reflux and 
the acid obtained melted at 196-201°; [a] = +19.5° (ethanol). Wieland, 
Schlichting, and Jacobi (1) report the melting point of the 8 isomer of 
bisnorcholanic acid as 242°, [a] = +23°, and the methyl ester of this 
isomer as an oil. 


SUMMARY 


A procedure for the degradation of the bile acid side chain by the elimina- 
tion of 2 carbon atoms has been described. Cholanic acid was converted 
to norcholanyl methyl ketone, brominated at C-23, and the elements of 
HBr removed with collidine. Oxidation by CrO ; yielded two isomers of 
bisnorcholanic acid. 
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STEROIDS DERIVED FROM BILE ACIDS 


I. THE PREPARATION OF 3(a)-HYDROXY-A"-CHOLENIC ACID FROM 
DESOXYCHOLIC ACID 


By BERNARD F. McKENZIE, WARREN F. McGUCKIN, ano 
EDWARD C. KENDALL 


(From the Division of Biochemistry, Mayo Foundation, Rochester, Minnesota) 
(Received for publication, September 8, 1945) 


Reichstein and his associates (1) have recently reported the partial syn- 
thesis of dehydrocorticosterone. This achievement not only confirms the 
structure assigned to this hormone of the adrenal cortex but also provides 
a method for the partial synthesis of that group of hormones which have 
an atom of oxygen at Cy. However, the large number of steps required 
and the limited yields of certain intermediate compounds have restricted 
the commercial preparation of the hormone to such a degree that it still 
is not available in sufficient quantities for use on experimental animals 
and in clinical medicine. It is highly desirable that dehydrocorticosterone, 
corticosterone, and the two related derivatives with a hydroxyl group at 
Cw be made available. To this end an investigation was undertaken in 
the biochemical laboratory of the Mayo Foundation in 1940." 

The preparation of dehydrocorticosterone from desoxycholic acid involves 
four principal problems: removal of the oxygen at Cy. and attachment of 
oxygen at C;,, degradation of the side chain, introduction of the ketol group 
on Co ,C2, and conversion of the hydroxy] group at C; to an unsaturated 
ketone C;A*. The work will be presented in the order given. 

Although the investigation was quite independent of that of the Swiss 
workers, the original plan for introduction of the oxygen at Cy, was the 
same, namely through an intermediate compound with a double bond A" 
in Ring C of the steroid nucleus. Therefore it became necessary to devise 
a method for the preparation of compounds with this structure from some 
abundant source of starting material. Desoxycholic acid appeared to be 
the best starting material and for purposes of study 3(a)-hydroxy-A"- 
cholenic acid was chosen as the intermediate compound. A method for 
the preparation of this unsaturated acid from desoxycholic acid is given in 
this paper. Through a study of derivatives of 3(a@)-hydroxy-A"-cholenic 
acid a highly satisfactory method for introduction of oxygen at Cy, was 
found. The essential intermediate compounds, which include some hitherto 


'A manuscript which described the preparation of 3(a)-hydroxy-A"™-cholenic 
acid was deposited with the Chairman of the Division of Chemistry and Chemical 
Technology, the National Research Council, Washington, D. C., in October, 1941. 
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unknown derivatives of cholanic acid, will be described in subsequent 
papers. 

In the preparation of 3(a@)-hydroxy-A"-cholenic acid, the double bond 
in Ring C was introduced by pyrolysis of methyl 12-benzoyldesoxycholate. 
The average yield from a number of preparations of the lithocholenie acid 
was 21 per cent of the starting material and was 45 per cent of the weight 
of the starting material not recovered. 
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The steroid nucleus was shown to be intact by reduction of the double 
bond with formation of lithocholie acid. The position of the double bond 
was shown by formation of an oxide with perbenzoic acid and reduction of 
the oxide to a hydroxyl group. Hydrogen and Adams’ platinum oxide 
catalyst in acetic acid and a small amount of hydrochloric acid yielded 
desoxycholic acid. The oxide therefore was at Cy,,C); and in the presence 
of mineral acid rupture of the oxide resulted in formation of the 12-hy- 
droxy! group. 

* DISCUSSION 

Wieland and his associates (2-5) have prepared cholenic, choladienic, 
and cholatrienic acids by pyrolysis of lithocholic, desoxycholic, and cholic 
acids respectively. 3(a@)-Hydroxy-A"'-cholenic acid was probably first ob- 
tained by Longwell and Wintersteiner (6) by the Wolff-Kishner method 
of reduction of what they considered to be 3, 11-dihydroxy-12-ketocholanic 
acid. It was isolated in small yield as a by-product and was not identified. 
The melting point, 163°, however, indicates that it was probably the A"- 
lithocholenic acid. 

After the work described in this paper had been completed, Reichstein 
and his associates (7) reported the preparation of the desired acid through 
pyrolysis of methyl 3-keto-12-benzoxycholanate, followed by reduction of 
the ketone group to give a mixture of 3(a@)- and (8)-hydroxy-A"-cholenic 
acids. Pyrolysis of methyl 3-acetoxy-12-benzoxycholanate also gave 
some of the cholenic acid but in less amount. More recently Lardon and 
Reichstein (8) have obtained the 3-ketobisnorcholenic acid by pyrolysis of 
the anthraquinone-8-carboxylic ester of methyl 12-hydroxy-3-ketobisnor- 
cholanate. 

EXPERIMENTAL 


Methyl Desoxycholate (II)—1 kilo of a commercial preparation of desoxy- 
cholic acid (1) was suspended in 4.5 liters of methanol and methanolic 
hydrogen chloride was added to make the solution 0.1 N. At room tem- 
perature the acid dissolved within 1 hour and esterification was complete 
within 2 hours, but the solution was usually allowed to stand overnight. 
Crystals of the ester which separated were dissolved by warming and the 
solution was treated with activated carbon and filtered through infusorial 
earth. Concentration of the methanol gave three successive crops of ester, 
674 gm., m.p.? 82-88°, 231 gm., m.p. 72-78°, and 108 gm. of low melting 
point. ‘The crystals were washed with cold methanol and dried at room 
temperature. The first two crops were used for subsequent treatment; 
the third crop and mother liquor were converted into desoxycholic acid 


? All melting points were taken on the Fisher-Johns apparatus. 
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and purified. Dane and Brady (9) have shown that methyl desoxycholate 
crystallizes from methanol with 1 mole of methanol for each 2 moles 
of ester. 

Methyl 3-Benzoyldesoxycholate (II1I)—406 gm. of methyl desoxycholate 
(II) were dissolved in 1500 ec. of dry benzene and 300 to 400 ce. of the 
benzene were boiled off at atmospheric pressure to remove methanol. 
400 ec. of dry benzene, 100 cc. of pyridine, and 125 ec. of benzoyl chloride 
were added and the flask was allowed to stand at room temperature over- 
night. The mixture was washed with dilute hydrochloric acid, with a 
solution of sodium bicarbonate, and with water and was concentrated under 
reduced pressure to a thick syrup to which 800 cc. of ethyl ether were 
added. Crystals of methyl 3-benzoyldesoxycholate separated, combined 
with ether in the proportion of 2 moles of ester to 1 mole of ether. The 
yield was 472 gm., m.p. 90-95° and [a], = +49° + 1° (1.6 per cent in 
chloroform); [a], = +61° + 1° (1.6 per cent in methanol). 


Dried in a vacuum at 100° for 4 hours 
CyHyeO;. Calculated, C 75.25, H 9.08; found, C 75.11, H 9.26 


Dried in air at room temperature 
CH yO 5-4(CoH;).0. Calculated, C 74.75, H 9.40; found, C 74.35, H 9.40 


Methyl 3 ,12-Dibenzoyldesoxycholate (I\)—-The dibenzoy] derivative was 
prepared without separation of the methyl 3-benzoyldesoxycholate in crys- 
talline form. The residue, after removal of benzene in the previous prepa- 
ration, was dissolved in 300 ec. of pyridine to which 150 ec. of benzoyl 
chloride were added. The flask was heated at 100° for 1 hour, pyridine 
was removed under reduced pressure, and to the residue 1 liter of water 
and 1 liter of benzene were added. The benzene solution was washed 
with hydrochloric acid, with a solution of sodium bicarbonate, and with 
water. 

The benzene was removed under reduced pressure, 1 liter of ethanol was 
added, and the solution was concentrated under reduced pressure. The 
mixture was allowed to crystallize overnight and the crystals were filtered, 
washed with cold ethanol, and dried at room temperature. The weight 
of dry material was 491 gm. and the melting point was 143-143.5°. [a], = 
+97° + 1° (1.6 per cent in chloroform); [a], = +122° + 2° (0.8 per cent 
in methanol). 


Analysis—-CggllgeO¢. Calculated, C 76.18, IL 8.20; found, C 76.15, Hl 8.00 


12-Benzoyldesorycholic Acid (V)—307 gm. (0.5 mole) of methyl 3, 12- 
dibenzoyldesoxycholate and 220 ce. of 5 N aqueous sodium hydroxide were 
added to 1800 ce. of 95 per cent ethanol. ‘The mixture was boiled under a 
reflux for 30 minutes, cooled to room temperature, and filtered through 
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infusorial earth. To the clear filtrate 200 to 230 ce. of 5 x hydrochloric 
acid were added and ethanol was removed under reduced pressure until 
cloudiness appeared. Separation of crystalline material in a small sample 
was induced by the addition of a few drops of water. These seed crystals 
were returned to the flask and after a heavy crop of crystals had separated 
1000 ec. of water were added gradually while the contents of the flask were 
stirred with a mechanical stirrer. The crystals were filtered after 20 
minutes. If the solution was allowed to stand, benzoic acid contaminated 
the product. The precipitate was heated in 1 liter of water at 80° for 
| hour to remove benzoic acid. It was then filtered and air-dried. The 
weight was 243 gm. and the melting point 182.5-183°. [a], = +51° + 2° 
(1.6 per cent in chloroform) ; [a], = +65° + 2° (1.6 per cent in methanol). 


Analysis—-C;3,H,y,O;. Caleulated, C 74.94, I 8.93; found, C 74.22, H 8.92 


Methyl 12-Benzoyldesoxycholate (VI)—209 gm. (0.41 mole) of 12-benzoyl- 
desoxycholic acid and 37 ec. of concentrated sulfuric acid were added to 
1900 cc. of methanol and the solution was refluxed overnight.* Under 
reduced pressure 1500 cc. of methanol were removed and to the residue 
1500 ec. of benzene were added. The benzene solution was washed with 
water, with a solution of sodium bicarbonate, and with water. It was 
dried over NasSO, and concentrated under reduced pressure. The last 
traces of benzene were removed in the special distilling flask used in the 
pyrolysis. The yield of the methyl ester was assumed to be quantitative. 
Methyl 12-benzoyldesoxycholate has not been separated in crystalline form. 

3(a)-Hydroxy-A"'-cholenic Acid (VIIT)-—The methyl 12-benzoyldesoxy- 
cholate described in the preceding paragraph was placed in a special flask 
of 500 ce. capacity.!. The flask was attached to a water suction pump and 
immersed in a steam bath; after about 2 hours only traces of benzene re- 
mained. \ thermometer was placed in the extended neck and rested on 
the bottom of the flask. The flask attached to the water pump was then 
placed in an air bath which was previously heated to 300°. As soon as 
the temperature inside the flask reached 300°, benzoic acid began to distil. 
The time required for the temperature to reach 300° was less than 3 minutes 


3 It was later found that the acid was esterified in 4 parts of methanol with 0.2 n 
hydrochloric acid at room temperature in less than 2 hours. 

‘ The neck of the flask was lengthened to 46 cm. from the bottom of the flask. The 
opening at the end of the neck was constricted to 15 mm. and was closed with a rubber 
stopper. The diameter of the neck was 25 mm. A side tube of the same diameter 
and 50 em. long was attached to the neck 38 em. above the bottom of the flask. The 
end of the side arm was constricted to 15 mm. and closed with a rubber stopper. 
Suction was applied to the flask through an opening 5 cm. from the end of the side arm. 
The side arm was maintained sufficiently cool to permit the benzoic acid to crystallize 
as it was liberated during the pyrolysis. 
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and to reach 315° less than 5 minutes. 25 minutes after the temperature 
reached 315° heating was stopped and the flask was cooled with a blast of 
air. When the temperature was below 140° the vacuum was released and 
the viscous, almost colorless residue was dissolved in 2600 ec. of ethanol 
to which 260 ec. of 5 N aqueous sodium hydroxide were added. The 
alkaline solution was boiled under a reflux for 2 hours, the ethanol was 
removed, and the aqueous alkaline solution was acidified with hydrochloric 
acid. The precipitated acid was filtered and washed until free of chlorides. 

The crude acid was dissolved in 2 liters of hot benzene, occluded water 
was separated, and, after cooling, 12-benzoyldesoxycholic acid which sepa- 
rated was removed by filtration.® 

The separation of the lithocholenic acid from 12-benzoyldesoxycholic 
acid was based on the observation that when these acids were dissolved in 
benzene the lithocholenic acid formed an insoluble sodium salt with an 
aqueous solution of sodium bicarbonate but the 12-benzoyldesoxycholic 
acid remained in the benzene. 

The benzene solution of the two acids was concentrated to a volume of 
2 liters to which was added a solution of 130 gm. of sodium bicarbonate 
in 2 liters of water. The mixture was refluxed gently for 3 hours and the 
benzene layer was decanted while hot. The aqueous layer was washed 
with benzene. A small amount of 12-benzoyldesoxycholic acid was re- 
covered from the benzene. The aqueous solution was cooled and the 
sodium salt was filtered off and washed with saturated, cold sodium bicar- 
bonate solution. 

The sodium salt of the lithocholenic acid was dissolved in 1200 cc. of 
boiling water and the free acid was precipitated with hydrochloric acid. 
The lithocholenic acid was filtered off, dissolved in benzene, and again 
treated with an aqueous solution of sodium bicarbonate. The sparingly 
soluble sodium salt of the acid was heated at 100° overnight with 600 ce. 
of N sodium hydroxide and was filtered through a steam-jacketed Biichner 
funnel. The sodium salt of the lithocholenic acid remained undissolved 
in the normal sodium hydroxide; the impurities passed into the filtrate 
(the last traces of 12-benzoyldesoxycholic acid were converted to sodium 
desoxycholate). 

The sodium salt of the lithocholenic acid was dissolved in 1200 ce. of 
boiling water and the acid was precipitated with hydrochloric acid, filtered, 
dried, and crystallized from benzene. The purified acid (10), m.p. 165- 
165.5°, weighed 32gm. [a], = +43° + 2° (3 per cent in ethanol); [a], = 
+31° + 2° (1 per cent in chloroform). The weight of 12-benzoyldesoxy- 


5 The recovered crude 12-benzoyldesoxycholic acid was recrystallized from ben- 
zene and digested with hot water to change the crystal form. The suspension was 


filtered, dried, and reesterified. 
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cholic acid recovered was 110 gm. The yield of lithocholenic acid based 
on the 12-benzoyldesoxycholic acid not recovered was 45 per cent. 


Analysis—CH,4s0;. Calculated, C 76.94, H 10.23; found, C 76.77, H 10.30 


Lithocholic Acid from 3(a)-Hydroxy-A"-cholenic Acid—5 gm. (0.0134 
mole) of 3(a)-hydroxy-A''-cholenie acid were reduced in 50 cc. of glacial 
acetic acid in the presence of 50 mg. of platinum oxide. 301 ec. of hydrogen 
were absorbed in 56 minutes; theory for 1 mole of hydrogen, 300 cc. Crys- 
tals which had separated from the solution were dissolved by warming, the 
platinum was removed, and the acetic acid was concentrated under reduced 
pressure to about 10 cc. Crystallization from acetic acid yielded 3.54 gm. 
of material, which had a melting point of 179-182°. The melting point 
was raised to 184—185° by treatment with boiling benzene (50 cc. per gm.). 
2 gm. of the acid were esterified with diazomethane. The ester was crys- 
tallized from acetic acid. The melting point was 126-127°. An authentic 
sample of methyl lithocholate prepared from 3(a)-hydroxy-12-ketocholanic 
acid by reduction with the Wolff-Kishner method melted at 128-128.5° 
(11); the melting point of the mixture was 126-128°. 1 gm. of ester was 
oxidized with 10 ce. of 1.98 N chromic acid in acetic acid for 1 hour at room 
temperature. The oxidized product was crystallized from acetic acid; it 
melted at 116-118°. An authentic sample of methyl dehydrolithocholate 
melted at 117—119° (12). The melting point of the mixture was 116-119°. 

3(a)-Hydroxy-11 ,12-epoxycholanic Acid—7.48 gm. (0.02 mole) of 3(a)- 
hydroxy-A"-cholenic acid in 60 ee. of dry chloroform were treated at 0° 
with 65 ec. of 0.7 N perbenzoic acid in chloroform. After 48 hours utiliza- 
tion of the perbenzoic acid was 94 per cent of 1 mole. The chloroform 
solution was shaken with water which contained 2 gm. of sodium bisulfite. 
The chloroform was removed under reduced pressure and the residue was 
washed with water and dissolved in 50 ec. of ethanol. The addition of 
200 cc. of water caused the separation of 7.15 gm. of crystalline material, 
which was recrystallized from benzene. The melting point was 166—-166.5° 
and [a], = +39° + 2° (1 per cent in ethanol) (10). 


Analysis—CxH;3;0,. Calculated, C 73.78, H 9.81; found, C 73.77, H 9.71 


Reduction of 3(a)-Hydroxy-11,12-epoxycholanic Acid and Methyl Ester 
(10)—2.02 gm. (0.005 mole) of methyl 3(a)-hydroxy-11 , 12-epoxycholanate 
were reduced in 25 cc. of acetic acid with 200 mg. of Adams’ platinum oxide 
catalyst in the presence of 0.50 ce. of 1 N hydrochloric acid. After 48 hours 
slightly more than 1 mole of hydrogen had been absorbed. The platinum 
was removed and the residue after evaporation of the acetic acid under 
reduced pressure was hydrolyzed with sodium hydroxide in ethanol. The 
aleohol was removed and the alkaline solution was poured into hot dilute 
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aqueous hydrochloric acid. The precipitated acid, filtered, washed, and 
dried, was dissolved in 5 ec. of acetic acid by warming. About | gm. of 
material separated in crystalline form after the solution had been cooled 
to 5°. This was combined with the corresponding fraction from another 
2.02 gm. sample of the starting material which had been reduced as de- 
scribed. The combined fractions (2.07 gm.) were suspended in boiling 
water to remove acetic acid and were dissolved in 20 ec. of 75 per cent 
acetone with the aid of heat. When cooled to 5°, crystals (1.17 gm.) 
separated. Two crystallizations from 6 cc. portions of hot acetic acid 
which were subsequently cooled to 5° gave 1.04 gm. of compound. This 
Was precipitated twice from alkaline aqueous solution by addition to hot 
dilute hydrochloric acid. The partially purified acid was again erystallized 
from 7 ec. of 75 per cent acetone, heated to effect solution, and subsequently 
cooled to 5°. 831 mg. thus obtained were esterified in ether with diazo- 
methane. The ester was dissolved in 3 ec. of benzene and was benzoylated 
by the addition of 1 cc. of pyridine and 1 ec. of benzoyl chloride. The flask 
was allowed to remain at room temperature overnight. Benzene was 
added, the solution was washed with water, and the benzene was removed 
under reduced pressure. 2 ec. of pyridine and 1 ce. of benzoyl chloride 
were added and the flask again remained overnight at room temperature. 
The residue was dissolved in benzene, washed free of pyridine with dilute 
hydrochloric acid and water, and the organic solvent was removed under 
reduced pressure. 701 mg. of material were separated in crystalline form 
after the residue was dissolved in methanol. Recrystallization from 20 ce. 
of boiling methanol yielded 613 mg. of rather long prisms which melted 
at 143-144° with a transition point at 131-132°. An authentic sample of 
methyl 3,12-dibenzoyldesoxycholate melted at 144-145° with a transi- 
tion point at 129-130°. A mixture of the two samples melted at 144-144.5°. 
[a], = +121° + 2° (31.2 mg. in 6 ce. of methanol, 2 dm. tube). [a], of 
the authentic sample = + 122° + 2° (0.8 per cent in methanol). 

780 mg. (0.002 mole) of 3(a)-hydroxy-11,12-epoxycholanic acid were 
reduced in 10 ec. of acetic acid with 100 mg. of platinum oxide catalyst in 
the presence of 1 drop of 1 N hydrochloric acid. After 23 hours about 75 
per cent of 1 mole of hydrogen had been absorbed. Crystalline material 
which had separated was dissolved with the aid of heat, the platinum was 
removed by filtration, and the solution was concentrated under reduced 
pressure to 5ece. 302 mg of compound separated and were oxidized at 15° 
in acetic acid with 120 per cent of the theoretical amount of chromic acid. 
Addition of water precipitated the oxidized product which, after crystalliza- 
tion from 50 per cent ethanol, melted at 186-187° (13). The melting point 
was not depressed when the material was mixed with an authentic sample 
of dehydrodesoxycholie acid. 
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SUMMARY 


For the introduction of oxygen in position 11 of the steroid nucleus 
3(a)-hydroxy-A"'-cholenic acid was prepared from desoxycholic acid through 
the pyrolysis of methyl 3(a)-hydroxy-12-benzoxycholanate. The prepara- 
tion of methyl 3(a)-benzoxy-12-hydroxycholanate, 3(a)-hydroxy-12-benz- 
oxycholanic acid, methyl] 3,12-dibenzoyldesoxycholate, and 3(a)-hy- 
droxy-11,12-epoxycholanate is described. 


Analyses for carbon and hydrogen were made through the courtesy of 
Dr. Randolph T. Major in the laboratory of Merck and Company, Inc. 
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STEROIDS DERIVED FROM BILE ACIDS 


II. 3(@2)-HYDROXY-11,12-DIBROMOCHOLANIC ACID AND RELATED 
COMPOUNDS 


By LEWIS L. ENGEL, VERNON R. MATTOX, BERNARD F. McKENZIE, 
WARREN F. McGUCKIN, ann EDWARD C. KENDALL 


(From the Division of Biochemistry, Mayo Foundation, Rochester, Minnesota 
(Received for publication, September 8, 1945 


In Paper I of this series (1) the preparation of 3(@)-hydroxy-A"'-cholenic 
acid (1) was reported. The present communication describes the products 
obtained by bromination of I and related compounds.! 

Bromination of I in chloroform gav@ 3(a)-hydroxy-11,12-dibromo- 
cholanic acid (IV) which was converted in two steps to methyl 3(a)-acetoxy- 
11,12-dibromocholanate (VI). When the bromination was carried out in 
acetic acid, the same dibromo acid (IV) was obtained. However, another 
product separated from the reaction mixture which was shown by conver- 
sion to VI with diazomethane to be 3(a)-acetoxy-11, 12-dibromocholanic 
acid (VII). This acid was obtained in varying yields which depended on 
the condition of the experiment. The ease with which the 3(@)-hydroxyl 
group is acetylated in acid medium will be referred to in a subsequent paper. 
Addition of bromine to II gave the dibromo ester (II1) identical with the 
methyl ester prepared from IV. Bromination of methyl 3(a@)-acetoxy- 
A"-cholenate (V) gave the corresponding dibromide (VI) which could be 
prepared either by acetylation of II] or esterification of VII. In all cases 
only one of the possible isomeric dibromides could be isolated. 

Oxidation of 3(a)-hydroxy-11 ,12-dibromocholanic acid (IV) with chromic 
acid gave 3-keto-11 ,12-dibromocholanie acid (VIII). 

Two of the eight compounds reported in this paper, II and V, have been 
prepared by Press and Reichstein (2). Lardon and Reichstein (3) regarded 
the methyl ester of VIII as a probable member of a mixture of bromo com- 
pounds which were by-products of the preparation of methyl 3-keto-11- 
hydroxy-12-bromocholanate but the dibromo acid (VIII) was not separated 
in analytically pure form. 

Ott and Reichstein (4) chromatographed the products obtained by treat- 
ment of methyl 3(a)-acetoxy-A''-cholenate with hypobromous acid and 
secured a fraction which was shown to be identical with “freshly prepared”’ 


1 The work described in this paper was completed during 1941 and 1942. The re 
sults have been withheld from publication in agreement with other workers in this 
field. 
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methyl 3(a)-acetoxy-11,12-dibromocholanate,? but they did not give the 
physical characteristics af the compound last mentioned. 


EXPERIMENTAL® 


All melting points were determined with the Fisher-Johns apparatus. 
Methyl 3(a)-Hydroxy-A"-cholenate (I1) from I—3.9 gm. of 3(a)-hydroxy- 
A''-cholenic acid (1) were dissolved in 40 ec. of 0.1 N methanolic hydrogen 
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chloride at room temperature. The acid was completely esterified in 
50 minutes. 350 mg. of sodium bicarbonate in 40 cc. of water were added, 


2 In a paper by Press, Grandjean, and Reichstein (5) which described the prepara- 
tion of methy! 3(a@)-acetoxy-11,12-dibromocholanate there is a typographical error. 
According to their paper the starting material which was brominated was methyl 
3(8)-acetoxy-A!!-cholenate; it therefore may be agsumed that the compound described 
as the 3(a@)-acetoxy derivative was methyl 3(8)-acetoxy-11,12-dibromocholanate. 

* Some of the compounds described in this paper were analyzed in the laboratory 
of Merck and Company, Inc., Rahway, New Jersey; the remainder were analyzed 
by Mr. William Saschek in the Department of Biochemistry, Columbia University, 
New York. 
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and the solution was cooled in an ice bath. 3.86 gm. of erystals which 
melted at 105.5-105.8° were obtained. [a], = +46° + 1° (e = 1.012 in 
methanol). Press and Reichstein have prepared this ester (2). 


CxsHO;. Caleulated, C 77.27, H 10.37; found, C 77.48, H 10.09 


Methyl 3(a)-Hydroxy-11 ,12-dibromocholanate (III) from IV—200 mg. of 
3(a)-hydroxy-11,12-dibromocholanie acid (IV) (m.p. 178-179°) were dis- 
solved in 3 ce. of methanol and 2 ce. of 0.5 N methanolic hydrogen bromide 
were added. After 17 hours at room temperature, the solution was cooled 
to 0°. The material (194 mg.) which separated was filtered from solution 


and washed with cold methanol; m.p. 175-175.5° with effervescence.‘ 
la], = +54° + 2° (c = 0.48 in chloroform). 


CosHyoOsBre. Caleulated. C 54.75, H 7.35, Br 29.15 
Found. ** 54.86, “* 7.18, “* 29.08 


3(a)-Hydroxy-11 ,12-dibromocholanic Acid (IV) from I—3.74 gm. (0.01 
mole) of 3(a@)-hydroxy-A''-cholenie acid (1) were dissolved in 75 ec. of 
chloroform and cooled to 4°. 19.5 ec. of 1.06 N bromine in chloroform, 
cooled to 4°, were added in one portion and after 1 minute the chloroform 
solution was washed with 50 cc. of water which contained 1 gm. of sodium 
bisulfite and with two 100 cc. portions of water. The chloroform solution 
was dried with sodium sulfate and concentrated to 15 ec. under reduced 
pressure. Ethyl acetate was added, the solution was again concentrated, 
and 25 ce. of ethyl acetate were added. The flask was cooled in an ice 
bath. The crystals (2.9 gm.) which separated were filtered from the solu- 
tion and washed with ice-cold ethyl acetate, m.p. 178-179° with effer- 
vescence.* [a], = +57° + 2° (c = 1 in chloroform). 


C.,H;s0;Bre. Calculated. C 53.94, H rif: a Br 29.91 
Found. ** 63.97, “ 7.06, “* 29.77 


When IV was crystallized from acetic acid, it separated combined with 
1 mole of solvent. 105.7 mg. required 3.59 ec. of 0.1 N sodium hydroxide; 


4 The five 11,12-dibromo derivatives described in this paper melt with efferves- 
cence which is caused by the loss of hydrogen bromide. The melting point therefore 
is a decomposition point which is dependent on conditions which do not affect more 
stable compounds. Three of these conditions are the rate of increase of tempera- 
ture, the temperature of the apparatus when the crystals are placed on the glass disk, 
and the physical state of the crystals, 7.e., whether they are large or finely ground. 
To control the second variable, the melting point was determined by the method of 
Cortese and Bauman (6). The highest temperature during which the material was 
stable for 30 seconds was several degrees higher than the melting point taken at an 
increase of temperature of 2° or 3° per minute. All melting points recorded in this 
paper were determined by the standard method. 











56S STEROIDS FROM BILE ACIDS. II 


calculated amount for | mole of [IV combined with | mole of acetie acid = 
3.56 cc. of 0.1 N sodium hydroxide. 

Methyl 3(a)-Acetory-A''-cholenate (V) from I1—3.88 gm. (0.01 mole) of 
methyl 3(a@)-hydroxy-A"-cholenate (II) were dissolved in 5 ec. of acetic 
anhydride and 5 ec. of pyridine and kept at about 25° for 44 hours. Addi- 
tion of ice and water precipitated crystalline material which was dissolved 
in benzene. The benzene was washed with dilute sulfuric acid, with a 
solution of sodium carbonate, and with water and was dried with sodium 
sulfate. The benzene was removed under reduced pressure; the residue 
was dissolved in 75 ce. of methanol which was concentrated under reduced 
pressure to about 20 ce. and cooled in an ice bath. The crystals (3.8 gm.) 
which separated, filtered from solution and washed with cold methanol, 
melted at 116-117°. A second crop of 0.23 gm., which melted at 115—116°, 
was obtained by dilution of the mother liquor with water. The analytical 
sample, prepared by recrystallizing from methanol, melted at 118.5-119.5°. 
la], = +51° + 2° (31.4 mg. in 3 cc. of acetone). 

CorHwO,. Calculated, C 75.30, H 9.83; found, C 75.17, H 9.81 


Press and Reichstein have prepared this compound (2). 

Methyl 3(a)-Aceloxy-11 ,12-dibromocholanate (VI) from III—7.7 gm. of 
methyl 3(a)-hydroxy-A''-cholenate (II) were treated with 40 ec. of N 
bromine in chloroform at 0° to give methyl 3(@)-hydroxy-11, 12-dibromo- 
cholanate (II1). The chloroform was removed under reduced pressure 
and 50 cc. of acetic anhydride were added to the residue. The flask was 
heated for 3 hours at 90°, and was then cooled. The crystals (8.5 gm.), 
filtered from solution and washed with acetic acid, melted at 190-192° with 
effervescence. Recrystallization from ethyl acetate raised the melting 
point to 195-196°. [a], = +65° + 2° (e = 0.5 in chloroform). 


C.;H.O.Bre. Calculated. C 54.92, H 7.17, Br 27.07 
Found. “© 54.80, ** 7.12, ** 26.96 


I from \—860 mg. (0.002 mole) of methyl 3(a)-acetoxy-A''-cholenate 
(V) in 10 ee. of chloroform, cooled in an ice bath, were brominated with 
5 ec. of N bromine in chloroform. After 15 minutes the excess bromine 
was reduced with a dilute solution of sodium sulfite and the chloroform was 
washed with water, dried with sodium sulfate, and concentrated under 
reduced pressure to about 2cc. 10 ce. of ethyl acetate were added and the 
solution was concentrated under reduced pressure to a small volume and 
chilled in ice. 838 mg. of crystals which separated, filtered from solution 
and washed with cold ethy! acetate, melted at 187-190° with effervescence.‘ 
A second crop (187 mg.) melted at 179-181°. Recrystallization three 
times from ethyl acetate raised the melting point to 192.5-193.5°. When 
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the substance was mixed with a sample of VI from III the melting point 
was 192-194°. [a], = +66° + 2° (30.5 mg. in 3 cc. of chloroform). 

VI from VII—500 mg. of 3(a)-acetoxy-11,12-dibromocholanic acid 
(VII), m.p. 220°, were esterified in ether with diazomethane in the presence 
of a small amount of methanol. The ether was washed with hydrochloric 
acid and with water, dried with sodium sulfate, and removed under reduced 
pressure. The residue, crystallized from ethyl acetate, melted at 194-195* 
with effervescence.' When the substance was mixed with a sample of VI 
from III the melting point was 191-194°. [a], = +64° + 1° (20 mg. 
in 4 cc. of chloroform). 

3(a)-Acetory-11 ,12-dibromocholanic Acid (VII) from IV—1 gm. of 3(a)- 
hydroxy-11,12-dibromocholanic acid (IV), m.p. 178-179°, was dissolved 
in 50 ec. of glacial acetic acid and 50 cc. of chloroform to which 10 ec. of 
4.5 N hydrogen bromide in glacial acetic acid were added. After 16 hours 
at room temperature the solution was concentrated under reduced pressure 
to about 25 ce. The crystals which separated, filtered from solution and 
washed with glacial acetic acid, weighed 0.92 gm. and melted at 214-215° 
with effervescence.* Concentration of the mother liquor under reduced 
pressure gave a second crop (0.11 gm.) which melted at 213-215.5°. [a], = 
+62° + 2° (20 mg. in 4 cc. of chloroform). Four preparations of VII have 
had melting points between 224-228°: Recrystallization lowered the melt- 
ing points from 5° to 10°. 


CogHyoO Bre. Calculated. C 54.17, H 6.99, Br 27.73 
Found. ** $4.07, ** 6.86, “* 27.73 


° 

VII from I—187 mg. of 3(a@)-hydroxy-A"-cholenic acid (1) were dissolved 
in 5 ec. of glacial acetic acid to which 5 ec. of N bromine in glacial acetic 
acid were added. After 16 hours at 25° the crystals which had separated 
(134 mg.), filtered from solution and washed with acetic acid, melted at 
218-219° with effervescence.*- When the material was mixed with a sample 
of VII from IV, the melting point was 218-219°. [a], = +65° + 2° 
(27.4 mg. in 3 ee. of chloroform). 

3-Keto-11,12-dibromocholanic Acid (VIII) from IV—2.73 gm. (0.005 
mole) of 3(a)-hydroxy-11,12-dibromocholanic acid (IV) were dissolved in 
20 ec. of chloroform, cooled in ice, and an ice-cold solution of 1.33 gm. of 
chromic acid in 1.4 cc. of water and 20 ce. of acetic acid was added. After 
1 hour at 25°, the chloroform phase was separated by the addition of 
200 cc. of water and was washed with water and dried with sodium sulfate. 
The chloroform was removed under reduced pressure; the residue, dissolved 
in 20 cc. of acetic acid, separated as crystals after the addition of water. 
The crystals, filtered from solution, washed with 80 per cent ice-cold acetic 
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acid, and dried in air, weighed 1.63 gm. The melting point was 178-179° 
with effervescence. [a], = +46° + 2° (c = 1.08 in chloroform). 
C.,H,0;Br,. Calculated. C 54.14, H 6.81, Br 30.02 
Found. “* 54.21, “* 6.62, ‘* 30.08 
SUMMARY 


The preparation and properties of 3(a@)-hydroxy-11 , 12-dibromocholanie 
acid and closely related compounds from 3(a)-hydroxy-A'-cholenic acid 
are described. 
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STEROIDS DERIVED FROM BILE ACIDS 


III. DERIVATIVES OF A*"-CHOLENIC ACID WITH SUBSTITUENTS AT 
C; AND C,.* 


By RICHARD B. TURNER, VERNON R. MATTOX, LEWIS L. ENGEL, 
BERNARD F. McKENZIE, ann EDWARD C. KENDALL 


(From the Division of Biochemistry, Mayo Foundation, Rochester, Minnesota) 
(Received for publication, September 8, 1945) 


It has been shown by Reichstein and his associates (1, 2) and inde- 
pendently by us (3) that treatment of 3(@)-hydroxy-A"'-cholenic acid, or its 
derivatives, with perbenzoic acid leads to the formation of an oxide which 
may be reduced catalytically to desoxycholic acid. In the hope of obtain- 
ing an oxide of opposite configuration which might on reduction yield a 
Cy-hydroxy compound, 3(a)-hydroxy-11,12-dibromocholanic acid (I) (4) 
was treated with dilute aqueous alkali. The desired oxide, however, was 
not obtained, but instead an isomeric compound which was identified by 
Sarett (5) as 3(@), 12-dihydroxy-A**"-cholenic acid (II). As a by-product 
from the treatment with alkali 3(a@)-hydroxy-A"-cholenic acid (3) was also 
separated. The structure of II was indicated by the conversion of the 
methyl ester (III) to a diacetate (IV) with acetic anhydride and pyridine 
and by the oxidation of II te 3,12-diketo-A®--cholenic acid (XIV) with 
chromic acid (6,7). Under carefully controlled conditions we have further 
been able to oxidize IL to 3(a)-hydroxy-12-keto-A’:"-cholenic acid (VITT) 
(6-8). 

Halogen was also eliminated from 3-keto-11,12-dibromocholanic acid 
(VII) with alkali and, by analogy with the formation of II, we formulate 
the product as 3-keto-12-hydroxy-A°:"-cholenic acid (XIII). Oxidation of 
XIII with chromic acid gave 3,12-diketo-A*"-cholenic acid (XIV). 

Compound II with acetic acid in the presence of a small amount of sul- 
furic acid at room temperature was rapidly converted (3 minutes) into a 
monoacetate (V) which with diazomethane gave the ester (VI). The free 
hydroxy] group in VI was shown to be at C; by oxidation with chromie acid 
followed by hydrolysis to give a monoketo monohydroxy acid identical 
with XIII which was formed as already described by treatment of 3-keto- 
11,12-dibromocholanie acid (VII) with aqueous alkali. 

Because of the possibility of an allylic rearrangement in Ring C the 
acetoxyl group of V could be at C,or Cy. The following evidence suggests 


* The work described in this paper was completed during 1942 and 1943. The 
results have been withheld from publication in agreement with other workers in 
this field. 
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that the acetoxy] group is at Cy and the double bond is Cy,Cy,. The mono- 
acetate (VI) was converted in acetic anhydride and pyridine to a diacetate 
which was identical with the diacetate (IV) prepared from methyl 3(a) , 12- 
dihydroxy-A’ "'-cholenate (II1) in acetic anhydride and pyridine. Alkaline 
hydrolysis of both mono and diacetyl derivatives, VI and IV, regen- 
erated II. 

When II was esterified with methanol and a trace of mineral acid, a 
compound (XI) was formed which differed from the ester (IIT) obtained 
by treatment of IL with diazomethane. We assign to this ester the struc- 
ture methyl 3(@)-hydroxy-12-methoxy-A‘:"'-cholenate on the basis of the 
following evidence. Alkaline hydrolysis of the ester gave an acid (X) 
which contained one methoxyl group as shown by a Zeisel determination. 
Acetylation of the methyl ester (XI) with acetic anhydride and pyridine 
gave a monoacetate (LX), while oxidation with 2 equivalents of chromic 
acid gave a monoketone (XII), identical with the product obtained from 
3-keto-12-hydroxy-A’"'-cholenic acid (XIII) by the action of methanol 
and hydrochloric acid. It follows, therefore, that the hydroxyl group of 
XI is at C; and that the methoxyl group is at Cy or Cy. We suggest that 
the methoxy! group is at C;, and that the double bond is C»,Cy, but full 
discussion will be withheld for another paper. The following observations 
are consistent with position Cy, for the methoxyl group, although they do 
not furnish unequivocal evidence. Acetic acid and a small amount of 
sulfuric acid rapidly changed XI into a monoacetate identical with VI 
Oxidation of XI with an excess of chromic acid gave a small amount ot 
methyl 3,12-diketo-A*:"-cholenate (XV). In methanolic sodium hy- 
droxide the methyl ester of 3(a@)-hydroxy-11,12-dibromocholanic acid (1) 
was converted into an acid which with diazomethane gave XI. This is 
analogous to the preparation of II from I with alkali in aqueous medium. 
The formation of an allyl ether in Ring A of the steroid nucleus from a 
dibromide by the use of alcoholic alkali has been observed by Wieland and 
his coworkers (8). 

Two of the compounds, VIII and XIV, reported in this paper have been 
described by other investigators. 3(a)-Hydroxy-12-keto-A*: "-cholenic 
acid (VIIL) has been prepared by Chakravorty and Wallis (9), by Seebeck 
and Reichstein (6), and by Lardon and Reichstein (7). Methyl 3,12- 
diketo-A°:''-cholenate (XIV) has been prepared by Seebeck and Reichstein 
(6) and by Lardon and Reichstein (7). 

Seebeck and Reichstein state that the melting point of XV was the 
same as that of methyl 3,12-diketocholanate and that, although the melt- 
ing point of a mixture of these two compounds did not show a depression, 
the specific rotation of the unsaturated ester in acetone was 20° lower than 
that of the saturated ester. We have confirmed this observation, and 











hydi 
aceti 
of 0. 
were 
chlo: 
of c1 
benz 
tion 
150° 
II w 
+10 
rie 


W 
cryst 
tion 
at a 
high 
weig 
the s 
in W 
0.54 

3( 
filtra 
sure 
the : 
press 


1§ 
of Me 
Mr. ' 
New 








TURNER, MATTOX, ENGEL, MCKENZIE, AND KENDALL 573 


have shown further that the specific rotation of XIV and XV is greatly 
affected by the solvent and the presence of traces of acid. We have also 
observed that the specific rotations of several samples of XIV and XV in 
chloroform do not agree among themselves, although the melting points in 
each group were within a close range. 

In this paper all monosubstituents at C; are in the a position. The con- 
figuration of the substituents at C,»: will be discussed in another paper. 


EXPERIMENTAL! 


All melting points were determined on the Fisher-Johns apparatus. 

3(a) ,12-Dihydroxy-A®"'-cholenic Acid (II) from I—42.0 gm. of 3(a)- 
hydroxy-11,12-dibromocholanic acid (I) (4), which contained 1 mole of 
acetic acid of crystallization, were heated at 97° for 5 hours with 1000 ce. 
of 0.33 N sodium hydroxide. The solution was cooled, 200 cc. of benzene 
were added, and the solution was acidified with 200 cc. of normal hydro- 
chloric acid. At the interface between the benzene and water a thick mass 
of crystals separated. The crystals were filtered, washed with water and 
benzene, and purified by solution in dilute sodium hydroxide and precipita- 
tion as described. 21.9 gm. of crystals were obtained which melted at about 
150° with effervescence, resolidified, and melted again at 193-194°. When 
II was crystallized from acetone, the melting point was 198-199°. [a], = 
+103° + 2° (30.1 mg. in 3 ce. of methanol). The sample for analysis was 
dried at 150° for 1 hour in a high vacuum. 


CaH;s0;. Calculated, C 73.80, H 9.81; found, C 74.09, H 9.75 


When II is crystallized from acetone, solvent is not retained in the 
erystals; when crystallized from benzene, 0.5 mole of benzene of crystalliza- 
tion is held firmly. Benzene of crystallization is lost and the crystals melt 
at about 150°. The melted material resolidifies and melts about 40° 
higher. 158 mg. of II crystallized from benzene lost 4.36 per cent in 
weight when heated at 128° for 15 hours under a vacuum. After heating 
the same material at 178° under a vacuum for 85 minutes longer, the loss 
in weight was 4.91 per cent. Total loss, 9.27 per cent; calculated loss for 
0.5 mole of benzene, 9.09 per cent. 

3(a)-Hydroxy-A"'-cholenic Acid (3) from I—The benzene phase of the 
filtrates from the preparation of II was concentrated under reduced pres- 
sure and the residue was dissolved in normal sodium hydroxide through 
the aid of a little ethanol which was removed subsequently under reduced 
pressure. A white crystalline precipitate continued to separate for 3 days. 


1 Some of the compounds described in this paper were analyzed in the laboratory 
of Merck and Company, Inc., Rahway, New Jersey; the remainder were analyzed by 
Mr. William Saschek in the Department of Biochemistry, Columbia University, 
New York. 
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The solution was centrifuged and the precipitate was dissolved in alcohol; 
water was added and the solution was acidified with hydrochloric acid. 
3(a)-Hydroxy-A"-cholenice acid separated and was purified by erystalliza- 


CHs\. 
0 
’ | 1 te 
a= 
/ \ 





= 7 > 
2) Qa 
= be Ba) 
| ° | oO 
| 
+ | 4 
| 3 
| aa ® 
4 
| > 
| a 
i) 


poe 


> 
> 
= 
> 
Oo 
4 
‘\ 


—> ¢ 


TIAST 
yeoy 








ourprad 
+ 





STEROIDS FROM 





(1) Crog, (2) Neck | 








€535 
\ 


Ps 





as 


¢ 


HO 


VIII 


Y 


“ou 






CHg 


£0219 





tion from benzene. ‘The maximal yield was 25 per cent of the theoretically | 
possible, based on the weight of the starting material. 


The acid added 1 
mole of bromine. 200 mg. of the acid were reduced in 5 ec. of acetic acid | 








witl 
11.6 
poir 
the 
was 
mel 
I, 
wert 
sodi 
50 ¢ 
pres 
were 
of ¢ 
melt 
proc 
viou 
an a 
+2 
I] 
were 
78 n 
at 1 
193. 
crys 
was 
Il 
(V) 
the 
dilut 
redu 
was 
The 
No « 
mixe 
cryst 
met 
II 
(VI) 
hydr 


hour 


remo 
benz 





ait 


TURNER, MATTOX, ENGEL, MCKENZIE, AND KENDALL Viv 


with hydrogen in the presence of 25 mg. of platinum oxide. In 15 minutes 
11.6 ec. of hydrogen were absorbed (calculated, 11.4 ee.). The melting 
point of the lithocholic acid formed was 187—188°. The melting point of 
the 3(a)-hydroxy-A''-cholenic acid was 162—162.5° and when the substance 
was mixed with an authentjc specimen there was no depression in the 
melting point. [a], = +45° + 2° (31.0 mg. in 3 cc. of ethanol). 

II from III—100 mg. of methyl] 3(a@) ,12-dihydroxy-A®"'-cholenate (IIT) 
were dissolved in 2.4 cc. of methanol to which was added 0.6 cc. of 5 N 
sodium hydroxide solution. The solution was kept at 50° for 46 hours, 
50 ec. of water were added, and the methanol was removed under reduced 
pressure. The volume was made to 100 cc. with water, 10 cc. of benzene 
were added, and the solution was acidified with dilute acetie acid. 95 mg. 
of crystals, filtered from solution and washed with benzene and water, 
melted at 148-149°, resolidified, and melted at 189-192°. When the 
product was recrystallized from acetone and placed on the block pre- 
viously heated to 190°, the melting point was 198-199°; when mixed with 
an authentic sample of II the melting point was 199-200°. [a], = + 103° 
+ 2° (31.2 mg. in 3 ce. of methanol). 

II from IV—100 mg. of methyl 3(a@) ,12-diacetoxy-A*:"'-cholenate (IV) 
were hydrolyzed as described in the previous paragraph. The product, 
78 mg., melted with loss of solvent at 148-149°, resolidified, and melted 
at 183-186°. After recrystallization from acetone the melting point was 
193.5-195° when the block was previously heated to 190°. When the 
erystals were mixed with an authentic sample of II, the melting point 
was 195-199°. [a], = +103° + 2° (30.2 mg. in 3 cc. of methanol). 

II from V—To 109 mg. of 3(a@)-hydroxy-12-acetoxy-A*®"'-cholenic acid 
(V) in 9 ec. of methanol 0.6 cc. of 18 N sodium hydroxide was added and 
the solution was maintained at 60-70° for 3 hours. The solution was 
diluted with about 30 ec. of water and the methanol was removed under 
reduced pressure. About 5 cc. of benzene were added and the solution 
was acidified with hydrochloric acid. Crystals formed at the interface. 
The product melted at 150-160°, resolidified, and again melted at 193-195°. 
No depression of the melting point was observed when this product was 
mixed with an authentic sample of II. The yield was 86 mg.; after re- 
crystallization from acetone, [a], = +104° + 2° (31.0 mg. in 3 ce. of 
methanol). 

II from \I—3 gm. of methyl 3(a)-hydroxy-12-acetoxy-A*'-cholenate 
(VI) were dissolved in 40 ce. of methanol to which 2.5 cc. of 18 N sodium 
hydroxide were added. ‘The solution was allowed to stand at 50° for 20 
hours. 300 cc. of water were added to the flask and the methanol was 
removed under reduced pressure to a volume of about 200 ce.; 100 ec. of 
benzene were added and the sodium hydroxide was neutralized to Congo 
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red with dilute hydrochloric acid. From the benzene-water suspension 
2.61 gm. of crystals were filtered and washed with water and benzene. 
After reprecipitation from dilute alkaline solution by ‘the addition of hy- 
drochlorie acid in the presence of benzene the crystals melted at between 
145-150°, solidified, and melted at 196.5-198°. The product crystallized 
from acetone and dried at 100° melted at 191—-195°; when mixed with a 
sample of II from I the melting point was 195-198°. [a], = +104° + 2° 
(30.0 mg. in 3 ec. of methanol). 

Methyl 3(a),12-Dihydroxy-A°""'-cholenate (III) from II—500 mg. of 
3(a),12-dihydroxy-A’"-cholenic acid (II) suspended in 50 cc. of ether 
and 5 cc. of methanol were esterified with diazomethane in ether. The 
solvents were removed under reduced pressure; the residue was dissolved 
in ether and the solution was washed with dilute sodium carbonate, dried 
with sodium sulfate, and evaporated to a small volume. Addition of 
petroleum ether caused the separation of crystals which melted at 87-88°, 
Recrystallization from methanol by the addition of water raised the melting 
point to 93-94°. When the crystals were placed on the block previously 
heated to 95°, the melting point was 97-97.5°. [a], = +98° + 2° (30.2 
mg. in 3 ec. of methanol). 

Methyl 3(a) ,12-Diacetoxry-A*"-cholenate (IV) from VI—2 gm. of methyl 
3(a)-hydroxy-12-acetoxy-A*®"'-cholenate (VI) were dissolved in 4 ce. of 
pyridine and 4 ce. of acetic anhydride. After 21 hours the acetic anhydride 
was decomposed by addition of ice and the product was extracted with 
benzene. The organic phase was separated and washed successively with 
water, dilute sulfuric acid, sodium carbonate, and water; it was then dried 
with sodium sulfate. The benzene was removed under reduced pressure 
and the residue was crystallized from a small volume of ice-cold ligroin. 
The product weighed 1.12 gm. and melted at 80-81°. The analytical sam- 
ple was prepared by several recrystallizations from petroleum ether and 
dilute methanol, m.p. 84.5-85°. [a], = +200° + 2° (31.2 mg. in 3 ee. 
of chloroform). 


CaopHyOs. Calculated, C 71.27, H 9.08; found, C 71.53, H 9.08 


LV from ITI—100 mg. of methyl 3(a@) , 12-dihydroxy-A’ "'-cholenate (ILD) 
were dissolved in 5 ec. of acetic anhydride and 5 ec. of pyridine and allowed 
to stand at room temperature for 19 hours. The acetic anhydride was de- 
composed with ice and the insoluble material was dissolved in benzene. 

The solution was washed with dilute sulfuric acid, with sodium bicar- 
bonate solution, and with two portions of water. It was dried with sodium 
sulfate and evaporated to dryness under reduced pressure. The residue 
was dissolved in methanol, water was added to the point of turbidity, the 
solution was cooled in an ice-salt bath, and the product which separated 
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was filtered and washed with ice-cold 50 per cent methanol. Recrystalliza- 
tion from methanol-water gave 70 mg. of crystals which melted at 82-82.5°. 
When the product was mixed with a sample of IV from VI, the melting point 
was 82.5-84.5°. [a], = +198° + 2° (30.4 mg. in 3 cc. of chloroform). 

3(a)-Hydroxy-12-acetoxy-A°"'-cholenic Acid (V) from II—500 mg. of 
3(a) , 12-dihydroxy-A*-"'-cholenic acid (II) were dissolved in 50 ec. of glacial 
acetic acid to which 0.65 ec. of 5.N sulfuric acid was added. After 8 minutes 
the solution was mixed with 200 ce. of chloroform and washed with seven 
portions of water. The chloroform solution was evaporated to dryness 
under reduced pressure, and the residue was crystallized from ether. The 
product weighed 283 mg. and melted at 179-180°. After several recrystal- 
lizations from dilute methanol, the melting point was 185-186°. [a], = 
+206° + 2° (34.8 mg. in 3 ec. of methanol); [a], = +198° + 2° (25.0 mg. 
in 4 ec. of chloroform). 


CosHyoO;. Calculated, C 72.18, H 9.32; found, C 72.04, H 9.59 


Methyl 3(a)-Hydroxy-12-acetoxy-A®"-cholenate (VI) from V—1.500 gm. 
of 3(a)-hydroxy-12-acetoxy-A*"-cholenic acid (V) were esterified in ether 
with diazomethane. The ether was concentrated under reduced pressure 
to about 2 cc., diluted with ligroin, and cooled in ice. The first crop of 
crystals, 0.742 gm., melted at 105—106°, and the second, 0.419 gm., at 107— 
108°. The analytical sample, prepared by recrystallization from ligroin, 
melted at 107.5-108°. [a], = +196° + 2° (30.6 mg. in 3 ce. of methanol). 


Cs;HwO;. Caleulated. C 72.60, H 9.47, CH;CO 9.63 
Found. "72.18, ** O48, "2.6 


VI from XI—16.7 gm. (0.0400 mole) of methy! 3(a)-hydroxy-12-methoxy- 
A®-"-cholenate (XI) were dissolved in 400 ec. of glacial acetic acid and 
13 ce. of 5 N aqueous sulfuric acid were added. The temperature was 26°. 
At the end of 10 minutes the solution was poured into 600 ce. of benzene 
which was then washed with water, with dilute sodium bicarbonate solu- 
tion, and with water. The benzene was dried over sodium sulfate and 
concentrated under reduced pressure to about 20 ce. 150 ce. of ligroin 
were added and the flask was cooled in an ice bath. The erystals, filtered 
from solution and washed with cold ligroin, weighed 13.4 gm. and melted 
at 107-107.5°. When the product was mixed with the analytical sample 
of VI from V, the melting point was 106-108°. [a], = +195° + 2° (28.9 
mg. in 3 cc. of methanol). 

3(a)-Hydroxy-12-keto-A®"'-cholenic Acid (VIII) from II—1 gm. (0.00256 
mole) of 3(a) , 12-dihydroxy-A®*"-cholenie acid (11) was dissolved in 50 ce. 
of acetic acid and 4 cc. of water. The flask was cooled in an ice bath and 


_ 2.7 ec. of 1.88 N chromic acid (2 equivalents) diluted to 20 ec. with acetic 
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acid were added dropwise over a period of 70 minutes to the solution stirred 
mechanically. After 2 hours at room temperature the acetic acid was 
removed under reduced pressure and the residue was dissolved in 100 ec. 
of 0.2 n sodium hydroxide. The alkaline solution was poured into 300 ce. 
of boiling water which contained 20 cc. of N hydrochloric acid. The granu- 
lar precipitate was separated by filtration and dissolved in 3 cc. of acetone, 
2 cc. of water were added, and the solution was cooled in an ice bath. The 
product which separated was filtered from solution and washed with ice- 
cold 50 per cent acetone. The product, crystallized from acetone and water 
five times, melted at 177-177.5°. [a], = +114° + 2° (33.3 mg. in 3 ce. 
of methanol). When the crystals were mixed with an authentic sample of 
3(a)-hydroxy-12-keto-A*!'-cholenic acid (VIII), m.p. 177.5-178°, the melt- 
ing point of the mixture was 177-177.5°. [a], = +113° + 2° (33.5 mg. 
of the authentic sample in 3 cc. of methanol) (6-8). Selective oxidation 
of the hydroxyl group at Cy, of desoxycholic acid has been reported (10). 

Methyl 3(a)-Acetory-12-methory-A*'''-cholenate (IX) from XI--4.18 gm. 
(0.01 mole) of methy! 3(a@)-hydroxy-12-methoxy-A’"'-cholenate (XI) were 
dissolved in 10 cc. of acetic anhydride and 10 ce. of pyridine at room tem- 
perature. After 44 hours chipped ice and about 100 cc. of water were 
added ; the crystals which separated were filtered and dissolved in benzene. 
The benzene solution was washed with dilute sulfuric acid, with a solution 
of sodium bicarbonate, and with water, dried with sodium sulfate, and con- 
centrated under reduced pressure. The last traces of benzene were re- 
moved by the addition of 20 cc. of methanol and concentrstion under 
reduced pressure. The residue was dissolved in about 15 cc. of methanol, 
and the solution was cooled in ice and diluted with cold 75 per cent. meth- 
anol. The product, filtered from solution and washed with 75 per cent 
methanol, weighed 4.12 gm. and melted at 100.5-101.5°. Recrystalliza- 
tion from methanol gave a product which melted at 102-103°. [a], = 
+ 140° + 2° (29.8 mg. in 3 ce. of chloroform). 


CysHwO;. Calculated, C 73.00, H 9.63; found, C 72.80, H 9.36 


3(a)-Hydroxy-12-methoxy-A*""'-cholenic Acid (X) from XI--5 gm. of 
methyl 3(a)-hydroxy-12-methoxy-A’:"'-cholenate (XI) were dissolved in 
200 cc. of warm methanol. The flask was cooled to 15°, 40 ce. of normal 
sodium hydroxide solution were added, and the solution was allowed to 
remain at room temperature overnight. The solution was concentrated 
to about 25 cc. under reduced pressure, diluted with 400 ec. of water, and 
concentrated to 350 ec. to remove the last traces of methanol. 200 cc. of 
benzene and 40 cc. of normal hydrochloric acid were added with stirring; 
the benzene phase was separated, washed with water, dried with sodium 
sulfate, and evaporated to about 25 ec. Crystals which separated after 











TURNER, MATTOX, ENGEL, MCKENZIE, AND KENDALL 579 


addition of 10 cc. of ligroin were filtered, washed with ligroin, dissolved 
in 60 ec. of ethyl acetate, and recrystallized by addition of 105 cc. of ligroin 
at 0°. The product, 4.5 gm., melted at 147-148°. Recrystallization from 
10 cc. of acetone by the addition of 4 cc. of water raised the melting 
point to 148.5-149°. [a], = +138° + 2° (¢ = 0.51 in chloroform). 


CrsHwO,. Calculated. C 74.22, H 9.96, CH;O 7.67 
Found. “ fa” Use, * Te 


Methyl 3(a)-Hydroxy-12-methory-A*"'-cholenate (XI) from I1—10.2 gm. 
of 3(a) ,12-dihydroxy-A*:"'-cholenic acid (II) were dissolved in 100 ec. of 
methanol and 0.2 ec. of concentrated hydrochloric acid was added. After 
16 hours at room temperature large transparent crystals had separated. 
After concentration of the solution a total of 9.2 gm. was obtained. After 
recrystallization from methanol the melting point was 160-161°. [a], = 
+132° + 2° (30.0 mg. in 3 ec. of chloroform); [a], = +130° + 2° (30.9 
mg. in 3 cc. of methanol). 


CosHyeO,. Calculated, C 74.59, H 10.11; found, C 74.43, H 10.05 


XI from III—100 mg. of methyl 3(a@) , 12-dihydroxy-A*:''-cholenate (III) 
were dissolved in 10 cc. of methanol at room temperature, and 2 drops of 
concentrated hydrochloric acid were added. After 18 hours the methanol 
was concentrated to about 1 cc. under reduced pressure and the crystals 
which separated were recrystallized from methanol. The melting point 
was 160-161° and a mixture of the crystals with a sample of XI from II 
melted at 160-161°. [a], = +130° + 2° (c = 1 in methanol). 

XI from X—875 mg. of 3(a@)-hydroxy-12-methoxy-A*"'-cholenic acid 
(X) were esterified in 50 cc. of ether with diazomethane. The ether solu- 
tion was washed with dilute hydrochloric acid and water, dried with sodium 
sulfate, and concentrated to dryness under reduced pressure. The residue 
was crystallized from methanol and gave a product which melted at 158- 
160°; when mixed with a sample of XI from II, the melting point was 
159-160°. [a], = +130° + 2° (c = 1 in methanol). 

XI from IV—-100 mg. of methyl 3(a) ,12-diacetoxy-A*“'-cholenate (IV) 
were suspended in 2 cc. of a methanolic solution which contained hydro- 
chloric acid.2 The flask was allowed to remain at 17° for 5 days. During 
this interval the starting material dissolved and crystals separated. The 
crystals, filtered from solution and washed with ice-cold dilute methanol, 
weighed 65 mg. and melted at 157.5-158.5°. After recrystallization from 


2 The solution was 84 per cent methanol, 16 per cent water, and contained 1 Nn 
hydrochloric acid. It was prepared by the addition of 1.67 cc. of 12 N aqueous hydro- 
chloric acid and 1.95 cc. of water to 16.8 ec. of methanol. The reasons for the use of 
this solution will be given in a later communication. 
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2 ce. of 85 per cent methanol, the melting point was 160-161°, and showed 
no depression on mixture with an authentic sample of XI. [a], = 
+ 132° + 2° (31.2 mg. in 3 ec. of chloroform). 

XI from VI—446 mg. of methyl! 3(a@)-hydroxy-12-acetoxy-A*"-cholenate 
(VI) were dissolved with agitation in 2 ec. of a methanolic acid solution 
described in the preceding paragraph. After 72 hours at 17°, 382 mg. of 
material which separated were filtered from solution and washed with cold 
75 per cent methanol. After recrystallization from methanol the melting 
point was 159-160°. The melting point of a mixture with an authentic 
sample of XI was 161-162°. [a], = +133° + 2° (30.8 mg. in 3 ce. of 
chloroform). 

XI from IX—460 mg. of methy] 3(a)-acetoxy-12-methoxy-A’ "'-cholenate 
(1X) were added to 18 ee. of a methanolic acid solution as in the preceding 
paragraph. The flask was allowed to remain at 17° for 6 days, during 
which time crystals separated. The product, 296 mg., melted at 158-160°; 
after recrystallization from 3 cc. of 85 per cent methanol, the melting point 
was 160-161°. When the product was mixed with an authentic sample of 
XI, the melting point was 161-162°. [a], = +132° + 2° (30.1 mg. in 
3 ec. of chloroform). 

XI from Methyl Ester of I—11.0 gm. (0.0200 mole) of methyl 3(a)- 
hydroxy-11,12-dibromocholanate (4) were refluxed for 6 hours in 800 ee. 
of methanol which contained 4 gm. of sodium hydroxide. The methanol 
was removed under reduced pressure and the residue was dissolved in 200 ce. 
200 cc. of benzene were added to the flask and the sodium salt 


of water. 
The benzene was washed with 


was acidified with acetie acid and shaken. 
water, dried with sodium sulfate, and removed under reduced pressure. 
The oily residue was esterified with diazomethane in ether. Crystals 
separated from the ether on evaporation. 
ether, 593 mg. of the product melting at 160-161° were obtained which 
did not depress the melting point of XI (161-163°). 
1° (40 mg. in 4 ce. of chloroform). 

Methyl 3-Keto-12-methoxy-A® "-cholenate (XII) from XI—1.2 gm. (0.008 
mole) of methyl 3(a)-hydroxy-12-methoxy-A*-"-cholenate (XI) were dis- 


solved in 5 


water. 
and the solution was kept in the ice bath 30 minutes and at 25° for 5 hours. 
Water was added and the aqueous phase was extracted with chloroform. 
Titration of the aqueous phase indicated the reduction of 4.7 equivalents 


of chromic acid. The chloroform solution was washed with water, dried 


with sodium sulfate, and evaporated under reduced pressure. 


was dissolved in 150 cc. of a mixture of petroleum ether and benzene in the 
ratio of 1:2. The solution was passed through a column of 40 gm. of 


After recrystallization from | 


fa], = +131° | 


5 ec. of chloroform and 10 ce. of acetic acid and chilled in ice | 
12 cc. of 2 N chromic acid in acetic acid (8 equivalents) were added | 


The residue | 
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aluminum oxide and the material was eluted with twelve 400 cc. portions 
of petroleum ether and benzene (1:2). The eluted material, 623 mg., was 
crystallized from methanol and water and then from ligroin. 415 mg. of 
crystalline product which melted at 98-99° were separated. [a], 
+110° + 1° (45.7 mg. in 5 ee. of chloroform). 


CxsHywO;. Calculated, C 74.96, H 9.68; found, C 74.75, H 9.50 


XII from XITI—200 mg. of 3-keto-12-hydroxy-A*"'-cholenic acid (XIII), 
m.p. 190-191°, were dissolved in 20 cc. of methanol and 0.28 cc. of concen- 
trated hydrochloric acid was added. After 4.5 hours at room temperature 
the methanolic solution was diluted with water until crystals separated. 
After two recrystallizations from methanol and water, 100 mg. of a product 
were obtained which melted at 99.5-100°, and when mixed with the oxida- 
tion product of XI with chromic acid, the melting point was 98.5-99.5°. 
fa], = +112° + 2° (33.7 mg. in 3 ce. of chloroform). 

3-Keto-12-hydroxy-A°"'-cholenic Acid (XIII) from VI—3.35 gm. (0.0075 
mole) of methyl 3(a)-hydroxy-12-acetoxy-A’ "'-cholenate (VI) were dissolved 
in 90 cc. of glacial acetic acid and cooled to 15°. 23.9 ec. of 1.88 N chromic 
acid in acetic acid were added slowly, and the temperature was maintained 
between 13-15° for 30 minutes. The solution was poured into a flask 
which contained 200 cc. of benzene and 500 cc. of water. The benzene was 
separated and the aqueous phase was extracted with 50 cc. of benzene. 
The benzene solutions were combined and washed with water, a dilute 
sodium bicarbonate solution, again with water, and were dried with sodium 
sulfate and evaporated under reduced pressure. The residue was dissolved 
in 40 ec. of methanol to which were added 2.5 cc. of 18 N aqueous sodium 
hydroxide. After 16 hours at 25° and 20 hours at 50°, 200 ce. of water 
were added and the methanol was removed under reduced pressure. The 
solution was made to 200 cc. with water, 100 ec. of benzene were added, 
and the solution was acidified with a slight excess of acetic acid. The crys- 
tals, 2.75 gm., which separated from the benzene melted at 186—187°, and 
after recrystallization from acetone-water, the melting point was 190.5- 
191.5°. [a], = +71° + 2° (31.7 mg. in 3 ee. of chloroform). 


CH 3.0,. Calculated, C 74.19, H 9.34; found, C 73.97, H 9.20 


XIII from VII—5.34 gm. (0.01 mole) of 3-keto-11 , 12-dibromocholanic 
acid (VII) were dissolved in 100 cc. of 95 per cent ethanol and 100 cc. of 
water which contained 3.36 gm. of sodium bicarbonate. After 20 hours at 
55° the aleohol was removed under reduced pressure; 200 cc. of benzene 
were added and the mixture was acidified with 7 cc. of 50 per cent acetic 
acid. The benzene was washed three times with 200 cc. portions of water 
and concentrated under reduced pressure. Crystals separated when the 
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volume was about 40 cc. The product weighed 1.6 gm. and after recrys- 
tallization once from ethyl acetate and ligroin and twice from ethyl acetate 
effervesced at 115°, resolidified, and melted at 190.5-191.5°. When the 
crystals were mixed with a sample of XIII from VI, the melting point was 
190.5-191.5°. [a], = +73° + 1° (40 mg. in 4 cc. of chloroform). 

3 ,12-Diketo-A*®"'-cholenic Acid (XIV) from X V—100 mg. of methyl 3 , 12- 
diketo-A*"'-cholenate (XV), m.p. 129.5-130.5°, were dissolved in 10 ce. 
of ethanol and 10 cc. of 0.1 N sodium hydroxide. The solution was warmed 
for 1 hour at 50°. 12 cc. of 0.1 N sulfuric acid were added and the ethanol 
was removed under reduced pressure. The crystals which separated, 


TABLE I 
Specific Rotation of Compounds XIV and XV 














Specific rotation in various solvents, c = 1 
| 
Compound M.p. | — CHsOH | |Acetone 
a : + 
CHCl | 9.001 » |CH#OH | 9.91 5 [Acetone oaks 
HC) | HC! | HCl 
re. =. 
XV 131-132 | 77 | 4 | 87 | 106 | 74 | % 
Methyl 3, 12-diketo- 131 -133 93 93 6 101 89 | 90 
cholanate 
XIV, 3 samples 197 -198 | 6744 


198 -199 | 72242 
199 -200 | 82+ 
3 A 130-131 68 + 
129.5-130.5) 64 + 
131 -132 | 77+ 


bo bt bo 


} Ww 


filtered from solution and washed with water, melted at 193-195°. When | 

recrystallized twice from acetone and water and dried at 100° and 13 mm. 

pressure, the product melted at 197-198°. [a], = +67° + 4° (18.7 mg. | 

in 3 ec. of chloroform); see Table 1. | 
CyHyO,. Calculated, C 74.57, H 8.86; found, C 74.59, H 9.02 


XIV from XIII—100 mg. of 3-keto-12-hydroxy-A’-"-cholenic acid 
(XIII) were dissolved in 9 ec. of acetic acid and 1 ce. of water. The flask 
was cooled in an ice bath and 0.6 ce. of 1.88 N chromic acid in acetic acid 
was added. After 10 minutes in the ice bath the flask was kept at room 
temperature for 1 hour, water was added, and the solution was extracted 
with ether. The ether was washed with water, dried with sodium sulfate, 
and removed under reduced pressure. The residue was crystallized from | 
acetone by the addition of a small amount of water. The melting point 
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was 196-198°. Recrystallization from acetone and water gave 63 mg. of 
a product which melted at 198-199°. When these crystals were mixed 
with a sample of XIV prepared from VIII, the melting point was 199-200°. 
la], = +72° + 2° (29.7 mg. in 3 ce. of chloroform) ; see Table I. 

XIV from VIII—776 mg. (0.002 mole) of 3(a)-hydroxy-12-keto-A*“!- 
cholenic acid (VIII) were dissolved in 5 ec. of benzene and 20 cc. of acetic 
acid. The solution was cooled in an ice bath and 2.5 cc. of 2. N chromic acid 
were added. After 30 minutes in the ice bath the flask was kept at room 
temperature for 1.5 hours. Water and benzene were adaed; the benzene 
was washed with water, dried with sodium sulfate, and removed under 
reduced pressure. ‘The residue, after crystallization from an acetone-water 
mixture, weighed 598 mg. The melting point was 199-200°. The melting 
point of the crystals mixed with a sample of XIV from II was 199-200°. 
la], = +82° + 2° (30.5 mg. in 3 ec. of chloroform); see Table I. 

Methyl 3,12-Diketo-A°"'-cholenate (XV) from II-——The oxidation of 
1.95 gm. of 3(a) ,12-dihydroxy-A*:"-cholenic acid (11) with chromic acid 
was carried out in 20 cc. of glacial acetic acid and 20 cc. of 2 N chromic acid 
in acetic acid, at 12-15°. After 30 minutes 4.5 equivalents of chromic acid 
had been reduced. Water and benzene were added; the benzene was 
washed with water, dried over sodium sulfate, and removed under reduced 
pressure. The crude oxidation product was esterified with diazomethane 
and the methyl ester was subjected to chromatographic adsorption and 
elution from a column of 60 gm. of aluminum oxide. The portion eluted 
by benzene which contained 0.1 per cent methanol weighed 1.45 gm., and 
when recrystallized from ligroin (b.p. 70-90°) to constant melting point 
and dried in a vacuum at 100° for 2 hours, melted at 130-131°. [a], = 
+68° + 2° (38.2 mg. in 4 cc. of chloroform); see Table I. 


CyHO,. Calculated, C 74.96, H 9.05; found, C 75.04, H 9.09 


XV from XI—From the oxidation of 1.2 gm. of methyl 3(a)-hydroxy-12- 
methoxy-A’ :"'!-cholenate (XI) (see XII from XI), 71 mg. of material were 
eluted from the column of aluminum oxide with benzene. After two 
recrystallizations from ligroin the melting point was 129.5-130.5°. [a], = 
+64° + 2° (20.3 mg. in 4 cc. of chloroform). When the crystals were 
mixed with the methyl ester of the product obtained by oxidation 
of 3(a),12-dihydroxy-A*"'-cholenic acid (II), the melting point was 
128.5—130.5°. 

SUMMARY 

The preparation and properties of 3(a) ,12-dihydroxy-A*"-cholenic acid 
and twelve closely related compounds with hydroxyl, acetoxy], methoxyl, 
or ketone groups at C; and C\, are described, 
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THE INTRODUCTION OF AN 11-HYDROXYL GROUP IN 
12-KETOSTEROIDS* 


By BYRON RIEGEL ann ROBERT BRUCE MOFFETT 


(From the Chemical Laboratory of Northwestern University, Evanston) 
(Received for publication, September 8, 1945) 


The most active hormones of the adrenal cortex, in their effect on car- 
bohydrate metabolism, contain oxygen atoms attached at the 11 position 
of the steroid nucleus. A systematic study of the preparation of com- 
pounds containing a hydroxy! group in the 11 position has been made es- 
sentially according to the procedures reported (1, 2) for the preparation of 
3,11-dihydroxy-12-ketocholanie acid. This was accomplished by brom- 
inating 3-acetoxy-12-ketocholanic acid and hydrolyzing the resulting mono- 
bromide. This method is similar to that used by Wieland and Posternak 
(3) and by Barnett and Reichstein (4) for the preparation of 11-hydroxy- 
12-ketocholanie acid. 
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The method has been extended, in this investigation, to the preparation 
of the nor, bisnor, and etio homologues (IV) of 3,11-dihydroxy-12-keto- 
cholanic acid. In the case of the bisnor acid (IV, R = —-CH(CH;)COOH) 
the free acid did not crystallize readily and was characterized as its methyl 
ester which was compared to methyl 3-hydroxy-12-ketobisnorcholanate and 
found to be quite different. 

Epimeric mixtures would be expected from this series of reactions. 
Their separation, as free acids, is very difficult. The methyl ester of the 
bisnor acid was, however, separated into two nicely crystalline fractions, 
one melting at 70-80° and giving a specific rotation of +67° + 2° and the 
other melting at 146.5-147.5° and giving a specific rotation of +62° + 1°. 
In the case of the etio acid fractional crystallization of the reaction product 
appeared to give two different compounds. The least soluble fractions 
had the lower rotations. When methanol was used as the solvent, two 
distinct crystalline forms were obtained which were long needles and short 
thick prisms. The fact that they could be readily changed from one form 
to the other indicated that they might be dimorphic forms of only one sub- 
stance. The needles separated when concentrated solutions were rapidly 
cooled, and prisms when the solutions were allowed to cool slowly. Prisms 
were also obtained when dilute solutions were allowed to evaporate slowly. 

The authors wish to thank the Abbott Laboratories, the Glidden Com- 
pany, and The Upjohn Company for the financial aid that made this work 
possible. 


EXPERIMENTAL! 


3 ,11-Dihydroxy-12-ketonorcholanic Acid—A solution of 4 gm. of 3-hy- 
droxy-12-ketonorcholanic acid (5) in 12 ml. of acetic acid and 2 ml. of 
acetic anhydride was refluxed for 1 hour. To the cooled solution were 
added 30 ml. of acetic acid and 5 ml. of acetic acid saturated with hydrogen 


bromide. With stirring at a temperature of 50-60° a solution of 0.6 ml. of | 


bromine in 30 ml. of acetic acid was slowly added during a period of 2 hours. 
The stirring and warming were continued for about 4 hours more and then 


the solution was cooled and poured into 500 ml. of water. The 3-acetoxy- | 
11-bromo-12 ketonorcholanic acid separated as a flocculent precipitate and | 


was collected on a filter and dried. The vield was about 5 gm. 

The crude bromo compound was dissolved in 100 ml. of 20 per cent 
methanolic potassium hydroxide and the solution was refluxed for 20 min- 
utes. After being diluted to about 1 liter with water the solution was acidi- 
fied and the precipitate was collected on a filter and dried. The yield was 
3.8 gm. of an almost white amorphous powder. This crude 3,11-dihy- 


1 All melting points are corrected. Analyses by Dr. T. S. Ma, University of 
Chicago. 
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droxy-12-ketonorcholanic acid could be easily crystallized from benzene 
containing a little methanol or from 50 per cent aqueous ethanol, but the 
crystals (m.p. 180-195°) were not pure. The mixture was separated by 
fractional crystallization from 50 per cent aqueous ethanol. The less 
soluble fraction proved to be unchanged 3-hydroxy-12-ketonorcholanic 
acid and the more soluble fraction the desired 3 , 11-dihydroxy-12-ketonor- 
cholanic acid, m.p. 201—205°. The yield was small. 

Owing to the unreactive nature of the keto group in 3, 11-dihydroxy-12- 
ketonorcholanic acid a better method was developed for its purification. 
Most of the starting material and other impurities could be removed by 
conversion to their semicarbazones; the desired product, however, did not 
react under the conditions used. A mixture of the crude reaction product, 
4 gm. of semicarbazide hydrochloride, 4 gm. of sodium acetate, 125 ml. of 
95 per cent ethanol, and 40 ml. of water was refluxed for 2 hours. Part of 
the solvent was removed by distillation and the mixture was poured into 
500 ml. of water. The precipitate was collected, dried, and extracted 
with ether in a Soxhlet extractor. Concentration of the ether solution 
gave material which after one crystallization from 50 per cent ethanol 
melted at about 200° and weighed 2.15 gm. (52 per cent based on 3-hydroxy- 
12-ketonorcholanic acid). A sample crystallized from benzene and twice 
from 50 per cent ethanol (decolorizing charcoal was used the second time) 
gave a product melting at 203-207°; [a]?” = +48° + 1° (40.1 mg. made up 
to 2 ml. with 95 per cent ethanol, a = +1.01° + 0.01°; 1, 1 dm.). 


Analysis—C2H0;. Calculated, C 70.37, H 9.25; found, C 70.37, H 9.08 


Methyl 3 ,11-Dihydroxy-12-ketobisnorcholanate—By a method similar to 
that used for the nor acid a yield of 1.7 gm. of crude 3-acetoxy-11-bromo-12- 
ketobisnorcholanic acid was obtained from 1.33 gm. of 3-hydroxy-12-keto- 
bisnorcholanic acid (5). This crude bromo compound was hydrolyzed by 
methanolic potassium hydroxide in a manner similar to that described for 
the nor acid, giving 1.2 gm. of crude amorphous 3, 11-dihydroxy-12-keto- 
bisnorcholanic acid which melted at about 205-210° after sintering at 115-— 
130°. 

| This crude acid was esterified by dissolving it in 20 ml. of methanol, 
_ adding 1 ml. of acetyl chloride, refluxing for 15 minutes, and then allowing 
it to stand overnight. The solution was poured into ice water and ex- 
tracted with ether. The ether solution was washed with 5 per cent so- 
dium carbonate solution, then with water, and dried over sodium sulfate. 
The ether was removed and the residue crystallized from a mixture of 
methanol and water by allowing the solution to evaporate slowly. The 
first crop of needles (0.22 gm.) melted at 75-83° and after two more crystal- 
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lizations melted at about 70-80°; [a}3’ = +67° + 2° (31.7 mg. made up to 
2 ml. with 95 per cent ethanol, a = +1.06° + 0.02°; 7, 1 dm.). 


Analy sis—C2;,HO0;. Calculated, C 70.37, H 9.25; found, C 70.59, H 9.55 


By concentrating the filtrate from the first fraction and fractionally 
crystallizing the product from aqueous methanol a sample (0.076 gm.) 
of nicely crystalline material melting at 146.5-147.5° was obtained; [a};’ 
= +62° + 1° (40.4 mg. made up to 2 ml. with 95 per cent ethanol, a = 
+1.25° + 0.02°; 1, 1 dm.). 


Analysis—C.;H0;. Calculated, C 70.37, H 9.25; found, C 70.18, H 9.31 


Methyl 3-Hydroxy-12-ketobisnorcholanate—A 0.5 gm. sample of 3- 
hydroxy-12-ketobisnorcholanic acid was methylated by a procedure 
similar to that described above. On concentration of the ether solution 
the ester separated in crystals melting at 164-166°. Crystallization from 
aqueous methanol and then from a mixture of ether and petroleum ether 
gave 0.231 gm. of ester melting at 165—167°. 


Analysis—CaHO,. Calculated, C 73.36, H 9.64; found, C 73.48, H 9.41 


3,11-Dihydroxy-12-ketoetiocholanic Acid—From 1.446 gm. of 3-hydroxy- 
|2-ketoetiocholanic acid (5) were obtained 1.914 gm. of crude 3-acetoxy-11- 
bromo-12-ketoetiocholanic acid by a method similar to that used for the 
nor acid. This crude bromo acid was hydrolyzed by methanolic potassium 
hydroxide, as described above. The product crystallized from methanol, 
giving 0.74 gm. of material melting at 242-245°; [a]?8 = +64° + 2° (28.6 
mg. made up to 2 ml. with 95 per cent ethanol, a = +0.92° + 0.02°; J, 
1 dm.). Concentration of the mother liquors gave an additional 0.2 gm. 
of erystalline material. 

Fractional crystallization, from methanol, of this and the products from 
other runs gave many fractions, all of which had nearly the same melting 
points, but their rotations varied widely. One of the less soluble fractions 
(prisms) melted at 244-248°; [a]? = +57.5° + 2° (21.2 mg. made up to 2 
ml. with 95 per cent ethanol, a = +0.61° + 0.01°; 7, 1 dm.). 


Analysis—C2Hyo0;. Calculated. C 68.55, H 8.63 
Found. 68.74, 69.01, ‘* 8.89, 8.64 


From the same run a more soluble fraction melted at 238—240° on the 
Fisher-Johns melting point block. 


Analysis—Found, C 69.16, H 8.88 


One of the fractions with a higher specific rotation melted at 242-250°; 
[a]? = +87° + 2° (20.2 mg. made up to 2 ml. with 95 per cent ethanol, 
a = +0.88° + 0.02°: 7, 1 dm.). 
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B. RIEGEL AND R. B. MOFFETT osy 


SUMMARY 


1. The nor, bisnor, and etio homologues of 3, 11-dihydroxy-12-ketocho- 
lanic acid have been prepared from the corresponding 3-acetoxy-12-keto- 
cholanic acids by first brominating and then hydrolyzing the bromo 
compounds. 

2. These reactions should give epimeric mixtures which were separated 
in the bisnor series. 
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THE STRUCTURE OF SOME DERIVATIVES OF 3(a)-HYDROXY- 
A’ "-CHOLENIC ACID 


Br LEWIS HASTINGS SARETT 


(From the Research Laboratories of Merck and Company, Inc., Rahway, New Jersey) 
(Received for publication, September 8, 1945) 


From the unsaturated steroid 3(a@)-hydroxy-A*:"-cholenic acid Kendall 
and coworkers prepared two derivatives which appeared to be possible 
intermediate compounds in the partial synthesis of some of the hormones 
of the adrenal cortex (1). The first compound was an acid CyH3s0, (II) 
obtained by treatment of 3(a@)-hydroxy-11,12-dibromocholanic acid with 
dilute aqueous sodium hydroxide. The second derivative (III) was ob- 
tained by treatment of II with mineral acid in methanol. The work de- 
scribed in this paper was undertaken at the request of the above authors 
before the determination of the structure of these compounds had been 
completed. The results of this investigation indicate that the structure of 
II is 3(@) , 12-dihydroxy-A?®:"'-cholenic acid! and that III has the structure 
methyl 3(a)-hydroxy-12-methoxy-A*:''-cholenate. 

The formulation II for the acid C4H3s0, was based on the following reac- 
tions. The methyl ester of II gave a diacetate (IV) with pyridine and ace- 
tic anhydride. Alkaline hydrolysis of the diacetate regenerated the orig- 
inal dihydroxy acid. Mild oxidation of II] with chromium trioxide gave a 
new acid of melting point 194° (VI). That the oxidation had affected only 
the C;-hydroxyl group was shown not to be the case by oxidizing 3(a)- 
hydroxy-11,12-dibromocholanie acid (1) to the corresponding keto acid 
(VII) and treating the latter with dilute sodium hydroxide to give a 
hydroxy keto acid (V) different from VI. The absorption spectrum of VI, 
for the determination of which the author is indebted to Mr. W. A. Bas- 
tedo, Jr., of this laboratory, showed the presence of an a,8-unsaturated 
ketone group. Finally it was clearly shown to have the structure VI by 
its formation from oxidation of an authentic sample of 3(a)-hydroxy-12- 
keto-A’:''-cholenic acid, kindly supplied by Dr. Everett S. Wallis of 
Princeton University. 

It was found by Kendall and coworkers (1) that the empirical formula 
of the product III obtained by treatment of II with mineral acid in meth- 
anol was CosHy»O,. They also showed that the compound was a methyl 
ester of an acid which contained a methoxyl group. A study of the action 
of acetic acid and perbenzoic acid on this compound supported this for- 


1 It is of interest to note here the similarity between 3-hydroxy-11,12-dibromo- 
cholanic acid and 2,3-dibromocholanic acid in their reactions with alkali (2). 
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mulation and indicated that its structure was methyl 3(a)-hydroxy-12- 
methoxy-A’: ''-cholenate. 
Acetic acid brought about cleavage of the methyl ether to give the acetate 


CH;0 C,HsCO.CH, OH (C,H;CO.H 
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of II. With IIT perbenzoic acid gave a hydroxy methoxy oxide (VIII) 
Which was stable toward acetic anhydride at 100° and relatively stable 
toward mineral acids. This oxide readily gave a keto methoxy oxide (IX), 
thence a methoxy oxide oxime (X). 

In order to study the effect of oxidizing agents on Ring C in III, it seemed 
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desirable at an early stage in the work to convert III to the 3-desoxy acid 
(XIII). This was accomplished by conversion of II] to the tosylate (XT), 
refluxing the latter with collidine, and hydrolysis to the corresponding 
unsaturated acid (XII), followed by hydrogenation? to 12-methoxy-A*:"- 
cholenic acid (XIII) (ef. (3)). The latter was converted to the methyl ester 


CH,;O C,HsCO2CHs 
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and treated with perbenzoic acid. It reacted at a moderate rate to give the 
crystalline oxide (XIV). 

No significant products could be isolated from the action of other oxidiz- 
ing agents on XIII. It was found that XIII was stable to alcoholic sele- 
nium dioxide and to osmium tetraoxide. Bromine in acetic acid reacted 
over a period of 10 minutes to give a crystalline product containing ap- 


2 Carried out by Dr. Ralph Mozingo of this laboratory. 


al 
E 


fo 


ch 


pa 


mg 
ace 
cel 
pel 
the 


cry 


ale 





| 


| 


L. H. SARETT 595 


proximately 1 atom of bromine. Chromic acid and potassium perman- 
ganate reacted slowly; the products could not be obtained pure. 

The author wishes to express his appreciation to Dr. Randolph T. Major 
and to Dr. Karl Folkers for their active interest in this work. To Dr. 
Everett S. Wallis of Princeton University is due the author’s appreciation 
for his stimulating suggestions and close association with this work. 


EXPERIMENTAL? :4 


3(a)-Hydroxy-11 ,12-dibromocholanic Acid (1), 3(a) ,12-Dihydroxy-A*: "'- 
cholenic Acid (II), Methyl 3(a)-Hydroxy-12-methoxry-A®: "'-cholenate (II 1)— 
The details for the preparation of these compounds are contained in two 
papers by Kendall and coworkers (1, 4). 

3 ,12-Diketo-A*:''-cholenic Acid (V1); (a) from II—To a solution of 500 
mg. of 3, 12-dihydroxy-A*: ''-cholenic acid-ether complex in 40 cc. of glacial 
acetic acid a solution of 500 mg. of chromium trioxide in 20 cc. of 50 per 
cent acetic acid was added dropwise with stirring at 15°. The mixture was 
permitted to stand for 1 hour, diluted with water, taken up in ether, washed 
thoroughly with water, dried, and evaporated to a small volume. The 
crystalline product after two recrystallizations from ether had a melting 
point of 194°. [a]? = +83°- Awax. = 243 mu; € = 1.22 104 (absolute 
alcohol). Yield, 300 mg. 

Analysis —-CyH 3.0.4. Calculated, C 74.57, H.8.87; found, C 74.48, H 8.88 


The methy! ester, prepared with diazomethane, melted at 130°. 

(b) From 3(a)-Hydroxy-12-keto-A*: "'-cholenic Acid—To a solution of 102 
mg. of an authentic sample of 3(a@)-hydroxy-12-keto-A®: '"'-cholenic acid in 
10 ec. of acetic acid was added dropwise with stirring at 15° a solution of 
50 mg. of chromium trioxide in 2 cc. of 50 per cent acetic acid. After 1 hour 
the mixture was worked up in the customary manner. The initial product 
crystallized from ether had a melting point of 193-194°, which was not de- 
pressed on admixture with a sample prepared by method (a). 

3-Keto-11 ,12-dibromocholanic Acid (VII)—To a solution of 1 gm. of 
3(a)-hydroxy-11,12-dibromocholanie acid in 60 cc. of acetic acid at room 
temperature were added 500 mg. of chromium trioxide in 10 ec. of 95 per 
cent acetic acid. After 1 hour the solution was diluted with water, giving 
750 mg. of crystalline product, m.p. 178° with decomposition. For 
analysis a sample was recrystallized from ether; m.p. 178-179°. 


For the microanalyses carried out in connection with this work the author is 
indebted to Mr. D. F. Hayman, Mr. H. 8. Clark, Mr. R. N. Boos, and Miss E. R. 
Hause. 

‘ All melting points are uncorrected; all rotations were taken in 95 per cent alcohol, 
e~ 1.0. 
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Analysis—CyH,;0;Brz. Calculated. C 54.14, H 6.82, Br 30.02 
Found. “* 54.52, “* 7.08, “‘ 30.48 


3-Keto-1 2-hydroxy-A°"'-cholenic Acid (V)—A suspension of 550 mg. of 
3-keto-11 ,12-dibromocholanic acid in 20 cc. of water containing 1.0 ce. 
of 1 N sodium hydroxide and 1.6 gm. of borax was heated for 1 hour on the 
steam bath. Solution took place during the first 15 minutes. The mix- 
ture was then cooled and acidified with dilute hydrochloric acid; the pre- 
cipitate was filtered, washed, dried, and recrystallized from ether. The 
pure product contained ether of crystallization, which was given up at 119- 
120° with partial melting, then resolidification; it finally melted at 186-187°. 
A mixed melting point with the ether choleic acid of II showed a depression 
of 15-20°. For analysis and rotation a sample was dried at 118° at 25 mm. 
[a] = +85°. Yield, 200 mg. 


Analysis—C.,H3.0,. Calculated, C 74.18, H 9.34; found, C 74.22, H 9.33 


Methyl 3(a) ,12-Diacetoxy-A*: ''-cholenate (IV)—500 mg. of the ether 
choleie acid of 3(a@),12-dihydroxy-A’:''-cholenic acid were converted to 
the methyl ester with diazomethane in ether-methanol. The solution was 
then evaporated on the steam bath. The residue was dried in vacuo at 
100°, taken up in 0.8 cc. of pyridine and 0.7 ce. of acetic anhydride, and 
maintained at 80° overnight. It was then dissolved in ether, washed 
successively with dilute potassium carbonate, dilute hydrochloric acid, 
and water, dried, and evaporated on the steam bath. The residue was 
stirred with a few drops of dilute methanol and kept in the ice box. After 
a few days the crystals were filtered off and washed with cold dilute meth- 
anol. Yield, 400 mg.; m.p. 80-82°. After two recrystallizations from 
dilute methanol fine white needles were obtained, m.p. 84-86°. Saponi- 
fication with hot methanolic sodium hydroxide and crystallization from 
ether gave II in quantitative yield. 

Analysis—CosHyOs. Caleulated. C 71.27, H 9.09, —COCH; 17.6 

Found. ‘¢ 71.43, ‘* 9.05, - 16.7 

3(a) ,12-Dihydroxy-A*®:"-cholenic Acid (II) from III—A solution of 
300 mg. of methyl 3(a)-hydroxy-12-methoxy-A®: ''-cholenate in 15 ec. of 
glacial acetic acid was heated on the steam bath for 16 hours. The solvent 
wasremoved invacuo, and the residue taken up in 10 ec. of alcohol and 5 ce. 
of 20 per cent aqueous sodium hydroxide. The solution was refluxed for 
4 hour, the alcohol removed in vacuo, and the solution diluted with water. 
Dilute hydrochloric acid was added, and the amorphous precipitate filtered 
off, washed with water, and taken up in absolute ether. The dihydroxy- 
cholenic acid (II) separated rapidly in crystalline form as the ether choleic 
acid, m.p. 146—147°, followed by resolidification and remelting at 190-191°. 
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A mixed melting point with an authentic sample of IT showed no depression. 
As further identification the dihydroxy acid was converted to the diacetate 
methyl ester which had a melting point of 84-86° and showed no depres- 
sion on admixture with an authentic sample of IV. 4 

Methyl 3(a)-Hydroxy-12-methoxry-9 ,11-oxidocholanate (VIII)—1.0 gm. 
of methyl! 3(a)-hydroxy-12-methoxy-A’: "'-cholenate was dissolved in 10 
ec. of chloroform containing 580 mg. of perbenzoic acid. After 18 hours 
at 0°, 1.03 atoms of oxygen had been consumed. The chloroform solution 
was evaporated in vacuo under a small volume of water; the crystalline 
residue was taken up in ether, washed with dilute potassium carbonate, 
dried, and evaporated to a small volume. 1.0 gm. of crystalline material 
was obtained, m.p. 178-180°. Recrystallization from methanol raised the 
melting point to 180-181°. For analysis, a small sample was recrystal- 
lized several times from ether and dried at 110°. It then had a melting 
point of 181°. 


Analysis—CxHyO;. Calculated. C 71.86, H 9.73 
Found. ** 71.92, 71.93, ‘‘ 9.81, 9.82 


Action of Sulfuric Acid and of Acetic Anhydride on VIII—(a) 200 mg. of 
VIII in 13 ce. of acetone and 1 ec. of water containing 2 drops of concen- 
trated sulfuric acid were permitted to stand at room temperature for 60 
hours. At the end of this time the solution was concentrated in vacuo, 
giving a nearly quantitative return of starting material; m.p. and mixed 
m.p. 177—180°. 

(b) 200 mg. of VIII in 13 cc. of acetone and 2 cc. of 10 per cent sulfuric 
acid were refluxed for 1 hour; dilution of a sample of the solution then gave 
starting material, identified by melting point and mixed melting point. 
If the refluxing was continued for 7 hours, a brownish oil was gbtained 
which, after separation into neutral and acidic fractions, could not be 
obtained crystalline. 

(c) 200 mg. of VIII were dissolved in 2 cc. of acetic anhydride and left 
on the steam bath for 2 hours. The excess acetic anhydride was then de- 
composed with water; the product was taken up in ether, washed with water 
and dilute potassium carbonate, dried, and evaporated on the steam bath. 
The colorless, oily acetate methyl ester was then saponified by boiling for 
10 minutes with a methanolic solution of sodium hydroxide, diluted with 
water, and acidified with dilute hydrochloric acid; the product was taken 
up in ether, washed with water, dried, and evaporated. Since the acid 
did not crystallize at this point, it was dissolved in ether and treated with 
diazomethane. VIII separated immediately; m.p. and mixed m.p. 180- 
181°. 

Methyl 3-Keto-12-methoxy-9 ,11-oxidocholanate (IX)—A solution of 400 
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mg. of VIII in 20 ce. of acetic acid was treated dropwise with stirring at 
15° with 400 mg. of chromium trioxide in 14 cc. of 70 per cent acetic acid 
and allowed to remain at room temperature for 1} hours. The product, 
worked up in the customary manner, was crystallized from pentane and 
after two recrystallizations from ether-pentane had a melting point of 85°. 


Analysis—CxaHwO;. Calculated, C 72.19, H 9.31; found, C 71.99, H 9.24 


Oxime of 1X—90 mg. of 1X were refluxed with 200 mg. of hydroxylamine 
hydrochloride and 200 mg. of potassium acetate in 5 cc. of 60 per cent 
alcohol. The solution was cooled, water was added to incipient turbidity, 
and the mixture left in the ice box. Fine, colorless needles of oxime slowly 
separated; m.p. 144—145°, not raised by recrystallization. 


Analysis—CyxHgO;N. Calculated. C 69.77, H 9.23, N 3.20, —-OCH; 13.8 
Found. ** 69.99, ‘* 9.50, “* 3.17, *« WS 
~ COS. * 9.28 


12-Methory-A* *'-choladienic Acid (XI1)—10.5 gm. of ILL were dis- 
solved in 45 ec. of dry pyridine with warming. The solution was then 
rapidly chilled to 0°, treated with a cold solution of 5.6 gm. of p-toluene- 
sulfonyl! chloride in 10 cc. of dry pyridine, and allowed to stand overnight 
at room temperature. A small volume of water was then added to decom- 
pose the excess acid chloride; the product was taken up in ether and washed 
successively with cold dilute hydrochloric acid, sodium carbonate, and 
water. After being dried over sodium sulfate, the solution was evaporated 
to a small volume on the steam bath, the remainder of the ether being re- 
moved in vacuo at room temperature. The oily tosylate was then taken 
up in 40 cc. of collidine and refluxed for } hour. The product was aken 
up in ether, washed with water and dilute hydrochloric acid, againt with 
water, and then evaporated on the steam bath. The unsaturated methy! 
ester was saponified by boiling with 1.5 per cent methanolic sodium hydrox- 
ide for 1 hour. The methanol was then removed in vacuo, and the residual 
sodium salts treated with dilute hydrochloric acid and ether. The ethereal 
solution was washed with water and treated with 50 cc. of cold 10 per cent 
sodium hydroxide. The ether layer was decanted and the precipitated 
sodium salts filtered on asbestos and washed with 10 per cent sodium hy- 
droxide. Acidification of the sodium salt with dilute hydrochloric acid, 
extraction with ether, and concentration of the solution gave pale yellow 
needles of the mixture of 2,3- and 3,4-unsaturated acids with a melting 
point varying from 150-160°. After recrystallization from dilute acetone 
and from ether the acid had a melting point of 162-163°; [a]? = +99°. 
Yield, 5.4 gm. 


Analysis—CyHy,0;. Calculated, C 77.68, H 9.91; found, C 77.39, H 10.22 
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12-Methoxy-A*"'-cholenic Acid (XIII)—700 mg. of the mixture of 
A’- and A*-unsaturated acids (crystallized once from ether and having a 
melting point of 150-152°) were dissolved in 150 cc. of methanol and shaken 
with 100 mg. of platinum oxide catalyst under 30 pounds of hydrogen. 
After 5 minutes of shaking, slightly more than the theoretical amount of 
hydrogen had been taken up. The catalyst was then filtered off, the solu- 
tion evaporated to a small volume tn vacuo, and water added to turbidity. 
The product separated as colorless needles, m.p. 127—128°. Yield, 700 
mg. After two recrystallizations from dilute aleohol the melting point 
was 133-133.5°. [a]? = +141°. 
Analysis—C.;HgoO;. Calculated. C 77.28, H 10.37, —-OCH; 7.72 
Found. “* 77.24, ** 10.08, ‘* 7.84 


The methyl ester, prepared with diazomethane, crystallized from dilute 
acetone in nearly cubical form and had a melting point of 66°. 


Analysis—CxHyO;. Calculated, C 77.57, H 10.50; found, C 77.63, H 10.70 


The acid and its methyl ester are stable to hot alcoholic selenium dioxide, 
chromium trioxide in acetic acid at 15°, aqueous alkaline permanganate, 
and osmium tetraoxide in absolute ether. Hot nitric acid gave an oil. 

Reaction of 12-Methoxy-A®™-cholenic Acid with Bromine—500 mg. of 
acid in 1 cc. of acetic acid and 5 cc. of ether were treated with 1.1 moles of 
bromine in 2 ec. of acetic acid. When the theoretical amount of bromine 
had been consumed (about 10 minutes at room’ temperature), the solution 
was diluted with ether, washed with dilute sodium bisulfite and then ex- 
haustively with water to remove acetic acid, dried, and concentrated in 
vacuo to a volume of about 1 ce. 3 ec. of pentane were then added and the 
solution permitted to stand at 0° overnight. The crystals were then fil- 
tered off and washed with pentane. Yield, 570 mg.;m.p. 122-128°. After 
a number of recrystallizations from ether-pentane a colorless, crystalline 
bromo acid with a melting point of 132-133° was obtained. Although 
analysis indicated that the bromine content was high, the carbon and hy- 
drogen values were in good agreement with an empirical formula of CosHy- 
O;Br. 


Analysis--C2,H;,0;Br. Calculated. C 64.24, H 8.41, Br 17.08 
Found. ** 64.32, ‘* 8.40, ‘‘ 18.24 


From the reaction of the bromo acid with alcoholic or aqueous sodium 
hydroxide no crystalline product could be obtained. 

Reaction of Methyl Ester of XIII with Perbenzoic Acid—1.290 gm. of 
methyl 12-methoxy-A*: ''-cholenate were treated with 20 cc. of chloroform 
containing 66.2 mg. of perbenzoic acid per ec. After about 60 hours at 
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0°, the theoretical amount of oxygen had been consumed. The solution 
was then washed with dilute sodium carbonate and evaporated in vacuo 
under a small volume of water. The resulting gum was crystallized from 
cold dilute methanol. Yield, 0.5 gm.; m.p. 60-65°. After two recrystal- 
lizations from dilute acetone the colorless, cubic crystals of the oxide melted 
at 78-80°. 
SUMMARY 
1. The reactions of two derivatives of 3(a@)-hydroxy-A"-cholenic acid 
containing oxygen in Ring C have been investigated. On the basis of these 
reactions the structures of 3(a)-hydroxy-12-methoxy-A’*: ''-cholenic acid 
have been assigned to these derivatives. 
"2. 12-Methoxy-A®: "'-cholenic acid has been synthesized and some of its 
reactions investigated. 
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PARTIAL SYNTHESIS OF PREGNENE-4-TRIOL-17(8) ,20(8) ,21- 
DIONE-3,11 AND PREGNENE-4-DIOL-17(8) ,21-TRIONE- 
3,11,20 MONOACETATE 


By LEWIS HASTINGS SARETT 


(From the Research Laboratories of Merck and Company, Inc., Rahway, New Jersey) 
(Received for publication, September 8, 1945) 


In 1936 Kendall and coworkers (1) and Pfifiner and Wintersteiner (2) 
isolated from adrenal cortical extracts a compound which melted at about 
215°. It was designated by the respective groups as Compound E and 
Substance F. Subsequently Reichstein (3) showed that Compound E and 
Substance F were identical with his Substance Fa and that the structure 
was pregnene-4-diol-17(8) ,21-trione-3,11,20 (II) (4). 

From similar adrenal cortical extracts Reichstein and von Euw (5) 
isolated a compound, C,H 0;. This compound, designated as Substance 
U, was shown to be pregnene-4-triol-17(8) ,20(8) ,21-dione-3 ,11 (I). 

The partial synthesis of Compound E and of Substance U from desoxy- 
cholic acid has now been accomplished in this laboratory. Methyl bisnor- 
desoxycholate (III) was prepared by Barbier-Wieland degradation accord- 
ing to the procedure of Hoehn and Mason (7). Treatment of III with 
benzoyl chloride gave the dibenzoate (IV) (8). The dibenzoate was par- 
tially trans esterified to give methyl 3(a@)-hydroxy-12(8)-benzoxybisnor- 
cholanate (V), which was pyrolyzed, giving methyl 3(a)-hydroxybisnor- 
A"-cholenate (VI).2. The unsaturated product was found to be most 
conveniently isolated as the 3-monohemisuccinate. 

The general procedure of Reich and Reichstein (11) was then followed 
through the bromohydrin (VII) and the bromoketone (VIII) to methyl 
3(a)-acetoxy-11-ketobisnorcholanate (IX) (8). Two minor changes in 
experimental procedure were introduced in the preparation of IX: (a) the 
addition of hypobromous acid to the Ciu—12 double bond was carried out in 
the presence of dilute sulfuric acid, thus decreasing the reaction time to 


! The partial syntheses of the acetates of Reichstein’s Substances U and Fa have 
been accomplished by the oxidation of the acetates of his Substances E and M re- 
spectively (1, 6). 

* The synthesis of this compound and its derivatives was based on a procedure of 
Kendall and coworkers (9) for the preparation of 3(a)-hydroxy-A"-cholenie acid. 
The synthesis of 3(a@)-hydroxybisnor-A"-cholenic acid and some of its derivatives 
described in this paper has been accomplished by Lardon and Reichstein (8), using 
a somewhat similar procedure. In addition, both Kendall and coworkers (personal 
communication) and Grandjean and Reichstein (10) have obtained this acid by the 
Barbier-Wieland degradation of 3(a)-hydroxy-A''-cholenic acid, 
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3 minutes; (6) the crude crystalline bromohydrin was given a mild treat- 
ment with zine dust in benzene-acetic acid, converting the chief high 
melting contaminant, the 11,12-dibromide, to the corresponding A" 
derivative. This was then easily removed by fractional crystallization. 

Saponification of [IX gave 3(a)-hydroxy-11-ketobisnorcholanic acid (X) 
The drastic conditions required for this hydrolysis appeared to have 
caused slight racemization at C-20, since treatment of the total crude hy 
droxy acid with diazomethane gave a somewhat impure sample of methy! 
3(a)-hydroxy-11-ketobisnorcholanate, previously prepared directly from 
IX by mild hydrolysis. Acetylation of X gave 3(a)-acetoxy-11-ketobisnor- 
cholanic acid (XI), which was converted to 3(a)-acetoxy-11-keto-20- 
aminopregnane (XIV) by means of the Curtius rearrangement (12). 
The acid chloride (XII) reacted readily with sodium azide in dilute acetone, 
giving the acid azide (XIII). Decomposition (13) of the acid azide in 
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dilute acetic acid yielded XIV. Diazotization (12) of XIV in aqueous 
pyridine gave about 70 per cent of a mixture of pregnenes, subsequent | 
oxidation of which indicated that the components included the A” (XV), | 
A” (XVI), and A (XVII ?) isomers, together with about 20 per cent of 
C-20 alcohols (XVIII). This ratio of alcohols to unsaturated hydro- 
carbons is considerably greater than when dilute alcohol or acetic acid is 
used as a solvent. On a preparative scale, the alcohols were not separated | 
from the mixture of unsaturated compounds but were converted via the 
tosylate into the same or a comparable mixture of pregnenes. 

This mixture of isomeric 3(a)-acetoxy-11-ketopregnenes could be ob- 
tained crystalline, but neither by fractional crystallization nor by chroma- 
tography could its components be isolated in pure form. Consequently 
the mixture was subjected directly to ozonolysis, giving a mixture of alde- 
hydes and ketones. Mild permanganate oxidation of this product con- 
verted the aldehydes to carboxylic acids. From this acid fraction direct 
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crystallization gave 3(a)-acetoxy-11-ketoetiocholanic acid (XIX). <Ace- 
tylation® of the mother liquors gave a neutral compound, C23H2Os5, to which 
the tentative structure XX has been assigned. 

The ketones remaining in the neutral fraction were separated by means 
of Girard’s Reagent T (14). The product so obtained could be crystallized 
directly to give a compound, C,H 0,, to which has been assigned the 
structure etiocholanol-3(a)-dione-11,17 acetate (XXI). Chromatography 
of the mother liquors gave a small amount of ketonic product of unde- 
termined structure. 

Alkaline saponification of X.XI gave the corresponding hydroxy diketone 
(XXII). It was found that application of the Nef reaction (ef. (15)) to 
this compound resulted in addition of acetylene exclusively at C-17. A 
good yield of the compound CHO; (XXIII) was obtained. Partial 
reduction (cf. (16)) of this pregninediolone gave the corresponding ethylene, 
pregnene-20-diol-3(a) ,17(a)-one-11 (XXIV). The 3-monoacetate (XXV) 
was then converted through the crystalline intermediates 21-bromopreg- 
nene-17-ol-3(a)-one-11 acetate (XXVI) and _ pregnene-17-diol-3(a@) ,21- 
one-11 diacetate (XX VII) to pregnene-17-diol-3(a) ,21-one-11 (XXVIII). 
The method used followed the general procedure of Ruzicka and Miiller 
(17) for the conversion of pregnadiene-4 ,20-ol-17(a)-one-3 to pregnadiene- 
4 ,17-ol-21-one-3. 

The conversion of the C-3-hydroxyl group to the ketone, which had to 
be carried out at some phase of the synthesis, was best accomplished with 
the diol, XXVIII. Although a number of possible methods had been 
investigated at the stages represented by XXIV and XXVI, the results 
were uniformly unsatisfactory. The partial succinoylation of XXVIII, 
however, proceeded very smoothly to give the C-21-monohemisuccinate 
(X XIX), which could readily be oxidized with chromic acid and saponified 
to the desired pregnene-17-ol-21-dione-3 ,11 (XXX). 


* For the technique of acetylation used, we are indebted to Dr. Whitman and Dr. 
Schwenk of the Schering Corporation (personal communication). 
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Hydroxylation of the acetate of pregnene-17-ol-21-dione-3,11 by the 
method of Criegee (18) gave exclusively a trioldione isolated as the diace- 
tate (XX XI), which, by analogy with the results of Serini, Logemann, 
and Hildebrand (19), could immediately be assigned the structure preg- 
nanetriol-17(8) ,20(8) ,21-dione-3 , 11.4 

The conversion of XXXI into the corresponding A‘-unsaturated com- 
pound was accomplished by bromination at C-4 followed by removal of 
hydrogen bromide (cf. (21)). The pregnene-4-triol-17(8) ,20(8) ,21-dione- 
3,11 diacetate-20,21 (XX XIII) and the free pregnenetrioldione (I) ob- 
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0 tained by this method appeared to be identical with Reichstein’s Substance 


U diacetate and free U respectively. Although no direct comparisoh was 
possible, the agreement of physical constants’ was such that reasonable 
doubt was eliminated. 

It has been reported in many examples in the literature that the chromic 
fe | acid oxidation of 17,20-dihydroxypregnanes leads to 17-ketones with 
d / complete loss of the side chain (cf. (22)). However, it was found that under 


‘The configurational designations used here follow the convention of Reichstein 
rr. et al. (20). 
* See the experimental part (cf. (5)). 
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suitable conditions this oxidizing agent gave a very appreciable yield of 
the 17-hydroxy-20-ketopregnane. Investigation of the mild chromic acid 
oxidation of pregnene-4-triol-17(8) ,20(8) ,21-one-3 ((23), cf. (24)) mono- 
acetate-21 (XXXVIII) showed that pregnene-4-diol-17(8) ,21-dione-3 , 20 
monoacetate-21 (Reichstein’s Substance 8S monoacetate, the isolation and 
partial synthesis (25) of which have been described by Reichstein and 
von Euw) (XXXIX) was formed. In addition the expected product, 
androstene-4-dione-3 ,17 (XL), was obtained. 

By this procedure the free Substance U was converted to the 21-mono- 
acetate (XXXIV). Oxidation then gave a mixture of adrenosterone (26) 
(XXXV) and pregnene-4-diol-17(8) ,21-trione-3,11,20 monoacetate-2)h 
(XXXVI). The identity of the latter compound was established by com- 
parison with an authentic sample of Compound FE monoacetate, which was 
kindly furnished us by Dr. Kendall. 

The author wishes to express his appreciation to Dr. Everett 5. Wallis 
of Princeton University and to Dr. Karl Folkersand Dr. Randolph T. Major 
for their active association with this work. The author is indebted to Dr. 
Jacob van de Kamp for the preparation of methyl 3(a@)-acetoxybisnor- 
A"-cholenate and for various improvements in this preparative procedure. 
The author wishes to express his appreciation to Dr. Ralph Mozingo and 
to Mr. William Wright for their work in connection with the catalytic 
reduction described in this paper. 


EXPERIMENTAL®: ? 

Methyl 3(a) ,12(8)-Dibenzoxybisnorcholanate (1V)—A solution of 50 gm. 
of bisnordesoxycholic acid hydrate in 1500 cc. of methanol and 15 ce. of 
concentrated sulfuric acid was refluxed overnight. The solution was then 
concentrated to half volume, diluted with water, and taken up in ether. 
The washed ethereal solution was treated with a small volume of ethereal 
diazomethane to complete the esterification. The ethereal solution was 
then concentrated to dryness, finally in vacuo on the steam bath. Traces 
of methanol were removed by dissolving the residue in 50 ec. of pyridine and 
concentrating to dryness in vacuo. The crude methyl ester was then dis- 
solved in 150 ec. of pyridine and treated with 41 ec. of benzoyl chloride. 
The mixture was heated on the steam bath for 2 hours, treated with 5 ce. 
of water, cooled, diluted, and extracted with ether. The ethereal solution 
was washed with dilute hydrochloric acid, dilute sodium hydroxide, water, 

® To Mr. W. A. Bastedo, Jr., and to Mrs. R. C. Anderson the author is indebted 
for the absorption spectra described herein. To Messrs. R. N. Boos, L. Rosalsky, 
EE. Thornton, W. K. Humphrey, M. McGregor, Mrs. E. Meiss, and Miss D. Yoerger 
the author is indebted for all microanalytical data. 


7 All melting points are corrected. All rotations were taken in acetone, ¢ ~ 1.0 
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and then taken to dryness on the steam bath. The dibenzoate was recrys- 
tallized from alcohol; m.p. 173.5°; yield 90 per cent. 

Methyl 3(a)-Hydroxy-12(8)-benzoxybisnorcholanate (V)—A solution of 
100 gm. of dibenzoate methyl ester in 500 cc. of benzene at 24—-25° was 
treated with 500 ce. of a solution of 1.11 N potassium hydroxide in dry 
methanol. The solution was swirled in a water bath at 24—25° until it was 
homogeneous and then left tostand in the water bath at 24—25° for 90 min- 
utes. A few drops of phenolphthalein were added and then sufficient gla- 
cial acetic acid to neutralize the base. The solvent was removed in vacuo, 
the residue dissolved in ether, and the ethereal solution washed with dilute 
sodium carbonate and then several times with water. (No perceptible 
amount of benzoic acid or bisnor acids was found in the alkaline washings.) 
The ethereal solution was concentrated to dryness, finally in vacuo, on the 
steam bath, leaving a mixture of methyl benzoate and the crude hydroxy 
benzoxy methyl ester as a pale yellow oil. 

Methyl 3(a)-Acetoxybisnor-A'-cholenate (V1)—The crude hydroxy ben- 
zoxy methyl ester obtained from 100 gm. of dibenzoate was transferred to 
a Claisen flask, a few boiling chips were added, and the flask then heated 
in a metal bath under a vacuum of 15 to 20 mm. From about 190-210° 
methyl benzoate distilled and was collected separately. The bath tem- 
perature was then raised until the temperature of the distillate vapor was 
315°. A mixture of benzoic acid and unsaturated methyl ester was then 
steadily distilled off for 25 minutes. The product was then cooled to about 
125° and poured into benzene. The flask, including the benzoic acid 
distillate, was then washed out with benzene. The combined benzene 
solutions were washed with dilute alkali and with water and evaporated 
in vacuo. 

The product so obtained consisted roughly of 45 per cent of starting ma- 
terial, 40 per cent of the desired unsaturated material, and the remainder 
of by-products. The starting material was first removed by conversion 
to the acetoxy benzoxy methy] ester; the residue from the benzene extrac- 
tion was taken up in a mixture of 150 ec. of pyridine and 100 cc. of acetic 
anhydride and heated on the steam bath for 45 minutes. The product 
was then treated with water, extracted with ether, the ethereal solution 
washed with dilute hydrochloric acid, dilute alkali, and finally with water, 

and evaporated to dryness. The residue was dissolved in a small volume 
of methanol with refluxing and the methyl 3(a)-acetoxy-12(8)-benzoxy- 
bisnorcholanate permitted to crystallize overnight at room temperature. 
The crystalline product was then filtered; m.p. 166-168°; yield 30 to 35 
gm. This material was then subjected to partial trans esterification as 
before, except that the time required was 10 minutes at 24-25°, rather 
than 90 minutes. 
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The mother liquors obtained from the acetoxy benzoxy methyl ester 
were concentrated to dryness in vacuo and then dissolved in 300 cc. of ben- 
zene. To this solution were added 300 cc. of 1.1 N methanolic potassium 
hydroxide and the whole permitted to stand at 25° for 10 minutes. The 
mixture was then acidified with glacial acetic acid and worked up as de- 
scribed above. The crude oily methyl 3(a)-hydroxybisnor-A'-cholenate 
so obtained was dissolved in 250 ec. of pyridine and treated with 60 gm. of 
succinic anhydride. The solution was heated on the steam bath for 90 
minutes, the excess succinic anhydride decomposed with water, and the 
solution concentrated to a small volume in vacuo. The residue was diluted, 
extracted with ether, and the ether layer washed with dilute hydrochloric 
acid and water. The monohemisuccinate was then separated from small 
amounts of non-acidie impurities by extraction with a 10 per cent solution 
of potassium carbonate, acidification of the alkaline layer, and again dis- 
solving in ether. The ethereal solution was then washed and concentrated 
to dryness on the steam bath. The partially crystalline residue was then 
recrystallized once from methanol or benzene and a second time from ben- 
zene or acetone. The methyl 3(a@)-succinoxybisnor-A''-cholenate had a 
melting point of 187—189°; yield 30 per cent. 


By concentration of the mother liquors a small additional quantity of | 


succinate was obtained. Mild acid or alkaline hydrolysis of the mother 
liquors followed by rebenzoylation gave crystalline dibenzoate which was 
again partially trans esterified and pyrolyzed. The total yield thus ob- 
tained was 60 per cent. 

The succinoxy group was then removed either by alkaline (a) or acid 
(b) hydrolysis. (a) A solution of 27 gm. of the A"-succinoxy ester in 1300 
ec. of methanol containing 27 gm. of sodium hydroxide was refluxed for 
75 minutes, concentrated in vacuo to 500 cc., diluted with a large volume of 
water, and the crystalline product filtered and dried. (b) The A"'-succinoxy 
ester was refluxed in a 2 per cent (by weight) methanolic solution of sulfuric 
acid for 2 hours, water was added to the cooled solution, and the crystals 
filtered and dried. The methyl 3(a)-hydroxybisnor-A"-cholenate _pre- 


pared by either method melted at 108°. Acetylation with equal parts of | 


pyridine and acetic anhydride at 90° for 30 minutes, followed by cooling 
and dilution with water, gave the crystalline acetate. Recrystallization 
from a small volume of methanol gave the pure methyl! 3(a)-acetoxybisnor- 
A"-cholenate, m.p. 101—102°, in a yield of 85 to 90 per cent (based on the 
succinoxy derivative). The product gave no melting point depression 


with a sample prepared by Barbier-Wieland degradation of 3(a)-hydroxy- | 


A"-cholenic acid. 
Methyl 3(a),11-Dihydroxy-12-bromobisnorcholanate (VI1I)-—A_ solution 


of 15.8 gm. of methyl-3(a)-acetoxybisnor-A"-cholenate in a mixture of 
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430 cc. of tertiary butyl alcohol and 105 cc. of water was cooled to 15°. 
12 gm. of anhydrous N-bromoacetamide were then dissolved with swirling 
and 105 cc. of cold 0.8 N sulfuric acid added at once. The mixture was per- 
mitted to stand at room temperature until a yellow color developed (2 to 
4 minutes). An aqueous solution of sodium sulfite was then added, suffi- 
cient to discharge the yellow-orange coloration, a large volume of water 
was added, and the mixture was extracted twice with benzene. The ben- 
zene layer was washed with dilute sodium hydroxide, several times with 
water, and concentrated to a small volume in vacuo. The addition of 
petroleum ether (30-60°) precipitated crude crystalline bromohydrin (12.0 
to 12.5 gm.). This material was purified by dissolving it in a mixture of 
135 ee. of benzene and 15 cc. of glacial acetic acid, adding 10 gm. of zine 
dust, and swirling for a minute at room temperature. The solution was 
then diluted with ether, decanted from the zinc, washed with water, dilute 
alkali, again with water, then concentrated in vacuo to a small volume, 
and crystallized with the addition of petroleum ether. One additional 
crystallization gave a product of melting point 209-211°; yield 45 per cent. 


Analysis—C.,;H3,0;Br. Calculated. C 60.12, H 7.87, Br 16.00 
Found. ** 59.80, ‘‘ 7.71, “* 16.48 


Methyl 3(a)-Acetory-11-keto-12-bromobisnorcholanate (VIII)—10 gm. 
of methyl 3(a)-acetoxy-11-hydroxy-12-bromobisnorcholanate were dis- 
solved in 150 ec. of glacial acetic acid by warming on the steam bath. The 
solution was then cooled rapidly to 18° and treated portionwise, with stir- 
ring, with a solution of 5 gm. of chromic acid in 100 cc. of acetic acid and 
10 ec. of water. The mixture was permitted to stand at room tempera- 
ture for 90 minutes and the product then precipitated by the addition of 
water. It had a melting point of 154.5-155.0°; yield 92 per cent. 

Methyl 3(a)-Acetoxy-11-ketobisnorcholanate (IX )—A solution of 7.6 gm. 
of methyl 3(a)-acetoxy-11-keto-12-bromobisnorcholanate in 70 cc. of glacial 
acetic acid and 7 cc. of water was warmed on the steam bath to 60°. The 
mixture was then treated portionwise with 7.0 gm. of zinc dust. The tem- 
perature was allowed to rise to 90-95° and the mixture was stirred for 1 
hour. It was then cooled, diluted, and extracted with benzene. The 
benzene layer was washed with water, dilute alkali, again with water, and 
concentrated to dryness in vacuo. The residue was crystallized from meth- 
anol and melted at 151.0—-151.5°; [a], = +57°. A sample crystallized 
from dilute acetic acid melted at 117.5-118.0°. Another sample which was 
crystallized from dilute methanol melted at 142.5-143.5°, resolidified, and 
melted at 150.5-151.5°. 


Analysis—C.;H;,0;. Calculated C 71.74, H 9.15; found, C 71.53, H 9.33 
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Methyl 3(a)-Hydroxy-11-ketobisnorcholanate—A sample of methyl 3(a)- 
acetoxy-11-ketobisnorcholanate (IX) was refluxed with a 1.5 per cent solu- 
tion of sodium hydroxide in methanol for 1 hour. Dilution with water 
gave a crystalline product which, after one recrystallization from acetone- 
pentane, melted at 193°. Reacetylation of a small sample gave a product 
which was erystallized from dilute methanol and melted at 142.5-143.5° 
and 150.5-151.5°; it did not depress the melting point of a sample of IX, 


Analysis —Co,Hs,O0;. Caleulated, C 73.36, H 9.64; found, C 73.37, H 9.84 


3(a)-Hydroxy-11-ketobisnorcholanic Acid (X)—A solution of 1.0 gm. of 
methyl 3(a)-acetoxy-11-ketobisnorcholanate (IX) in 25 ce. of a 2 N potas- 
sium hydroxide-75 per cent methanol mixture was refluxed overnight. 
Most of the methanol was removed in vacuo, and the solution diluted with 
water and acidified with dilute hydrochloric acid. The amorphous precipi- 
tate was filtered, washed, and dried. It melted at about 195° and 223-2285". 
On a preparative scale no further purification was attempted, since re- 
crystallization did not seem to improve the quality of the product. 

Methyl 3(a)-Hydroxy-11-ketobisnorcholanate from X—A sample of crude 
3(a)-hydroxy-11-ketobisnorcholanic acid (m.p., about 222-225°) was sus- 
pended in absolute ether and treated with an ethereal solution of diazo- 
methane. The solution was concentrated to dryness after the acid had dis- 
solved and the methyl ester crystallized by rubbing with pentane. The 
crystals were washed with a little pentane; they melted at 187—190°. They 


did not depress the melting point of methyl 3(a@)-hydroxy-11-ketobisnor- | 


cholanate. 

3(a)-Acetoxy-11-ketobisnorcholanic Acid (X1I)—-A solution of 3 gm. of 
3(a)-hydroxy-11-ketobisnorcholanic acid in 100 cc. of glacial acetic acid was 
refluxed overnight. The solution was then concentrated in vacuo to 30 | 
ce., warmed on the steam bath, and treated with small portions of water 
until crystallization began. It was set aside at 0° overnight and the wel 
uct filtered off. It had a melting point of 239-250° and was sufficiently | 
pure for subsequent degradation to the mixture of 3-acetoxy-11-ketopreg- 
nenes; yield 90 per cent. Several recrystallizations from dilute acetone | 
gave material still characterized by the wide melting range, 249-254°. 

3(a)-Acetoxy-1 1-keto-20-aminopregnane (XIV)—30 gm. of 3(a)-acetoxy- 
11-ketobisnorcholanic acid were dissolved in 45 cc. of purified thionyl] chlor- 
ide. The solution was left to stand at room temperature for 90 minutes, 
was warmed to 45° for 30 minutes, and then concentrated to dryness m™ 
vacuo. The residue was dissolved in 45 cc. of warm absolute toluene and 
the latter distilled off in vacuo, finally at 100°. The residual crystalline | 
acid chloride (XII) (m.p. 140—-144°) was then dissolved in 200 cc. of dry 


acetone at 5-10°, cooled to 0°, and treated with a cold solution of 12 gm. | 
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of sodium azide in 30 cc. of water, added at once. The mixture was swirled 
gently for 5 minutes in an ice bath, at the end of which time crystallization 
of the acid azide (XIII) had begun. The precipitation was completed by 
the gradual addition of 700 cc. of ice water, and the crystals filtered on a 
cold filter, washed with ice water, and then transferred to a flask containing 
360 cc. of glacial acetic acid. The solution was warmed on the steam bath 
to dissolve the azide while 200 cc. of water were gradually added. Finally 
the decomposition of the azide was completed by heating for 30 minutes 
at 90°. The solution was then cooled in an ice-salt bath, 100 cc. of benzene 
were added, and the mixture treated gradually, with stirring, with a cold 
solution of 425 gm. of potassium hydroxide in 700 cc. of water. The tem- 
perature Was maintained at 10° or lower in order to minimize saponification 
of the C-3-acetoxy group. When the alkali had all been added, the ben- 
zene layer was diluted with ether and the aqueous phase was extracted. 
At the ether-alkali interface a solid precipitate separated which was col- 
lected separately. It consisted of the potassium salt of XT (about 1.5 gm.) 
and 3(a)-hydroxy-11-keto-20-aminopregnane (about 200 mg.). This 
mixture was readily separated by dissolving the wet alkaline precipitate 
in a little water, filtering the solution, acidifying the filtrate to obtain crude 
XI, and collecting the water-insoluble residue on the filter to obtain the 
hydroxy keto amine. The washed ether-benzene layer containing XIV 
was concentrated, finally zn vacuo on the steam bath, and the residue dis- 
solved in 100 ec. of absolute ether. The solution was allowed to crystal- 
lize at O° overnight, filtered, and a second crop obtained by concentration 
of the mother liquors; yield 22.6 gm. = 80 per cent (corrected for recovered 
starting material). The mother liquors were treated with hydrogen chlor- 
ide in absolute ether. The amorphous hydrochlorides so obtained (com- 
bined yield 93 per cent) were diazotized (see below) and the ozonized prod- 
uct gave nearly as good a yield of the 17-ketone (X XT) and etio acid (XIX) 
as did the pure crystalline amine. Consequently the non-crystalline am- 
ines probably consisted largely of isomers of XIV resulting from the partial 
racemization of the side chain during the saponification of LX. 

A sample of XIV recrystallized from absolute ether showed a constant 
melting point of 163.5-165.5°. 


Analysis—C.;H3;0;N. Calculated. C 73.56, HL 9.94, N 3.73 
Found. ‘a a " oe 


3(a)-Hydroxy-11-keto-20-aminopregnane, 3(a)-Acetoxy-11-keto-20-acetyl- 
aminopregnane, and 3(a)-Hydroxy-11-keto-20-acetylaminopregnane—F¥ or 
purposes of further characterization of XIV, the hydroxy keto amine was 
prepared by alkaline saponification of XIV. It had a melting point of 
185-186° after crystallization from dilute alcohol. Acetylation of the 
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hydroxy or acetoxy keto amine with pyridine-acetic anhydride gave the 
acetoxy keto acetylamino derivative, m.p. 235°, alkaline saponification of 
which gave 3(a)-hydroxy-11-keto-20-acetylaminopregnane, m.p. 219.5°. 

Pregnene-16-ol-3(a)-one-11 Acetate (XVII), Pregnene-17-ol-3(a)-one-11 
Acetate (XV), and Pregnene-20-ol-3(a)-one-11 Acetate (XVI)—A mixture 
of 57.8 gm. of 3(a)-acetoxy-11-keto-20-aminopregnane (XIV), 250 cc. of 
pyridine, 21.3 gm. of redistilled pyridine hydrochloride, and 44 gm. of so- 
dium nitrite was heated to 75° on the steam bath. To this solution were 
then added 150 ec. of water in one portion. The mixture was then heated 
on the steam bath with occasional swirling until the evolution of nitro- 
gen ceased (14 minutes). The pyridine was then largely removed in vacuo, 
and the residue diluted with water and taken up in ether. The ethereal 
solution was washed with water, 0.5 N hydrochloric acid, again with water, 
and concentrated to dryness, finally in vacuo.on the steam bath. 

In order to remove the undiazotized 20-amino compound and 3(a)- 
hydroxy compounds resulting from hydrolysis during diazotization, the 
mixture was subjected to a mild succinoylation (C-20(a)- and (8)-hydroxy 
compounds remain essentially unattacked). The total crude diazotiza- 
tion product described above was dissolved in 250 cc. of dry pyridine, 
treated with 50 gm. of succinic anhydride, and heated on the steam bath 
for l hour. Water was then added to decompose the excess anhydride, and 
the mixture concentrated in vacuo to a small volume, diluted, dissolved in 
ether, and washed with dilute hydrochloric acid and with water. 

The acid succinates were then separated by shaking with a 10 per cent 
solution of potassium carbonate. Saponification of the acid succinates by 


the addition of a small amount of concentrated potassium hydroxide to | 


the carbonate extract and heating on the steam bath gave 5.5 gm. of 
material, separated by extraction with ether into 3.8 gm. of 3(a@)-hydroxy- 
11-keto-20-aminopregnane and 2.7 gm. of oily ether-soluble hydroxyketo- 
pregnene mixture. 

The neutral ethereal solution after the carbonate washing was shaken 
with water and concentrated to dryness, finally in vacuo, on the steam bath. 
The reddish yellow oil so obtained (51 gm.) consisted chiefly of the preg- 
nene mixture (XV, XVI, and XVII) together with some 20-hydroxy com- 
pound (XVIII). The composition of the mixture may be roughly deter- 
mined by chromatography® of a small sample, whereby the acetoxyketo- 
pregnenes are eluted by a 1:1 mixture of ether-petroleum ether (30-60°) 


8 The alumina used in the various chromatograms described was especially pre- 
pared. An aqueous suspension of alumina (Merck, according to Brockmann) was 
treated with 6 N sulfuric acid, with stirring, until the pH was 4.0. The alumina was 
then washed repeatedly with distilled water until the pH of the supernatant liquid 
was 4.6 to 4.8. The alumina was filtered and dried overnight at 150°. 
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and the C-20 hydroxy compounds are completely eluted only with absolute 
ether. 

The C-20 hydroxy compounds present in the purified diazotization prod- 
uct described above were then converted to their tosyl esters. The purified 
diazotization product (51 gm.) was dissolved in 60 cc. of dry pyridine and 
treated with 34.5 gm. of recrystallized p-toluenesulfonyl chloride. The 
mixture was left to stand at room temperature for 48 hours, then treated 
with a small volume of water to decompose the excess acid chloride, taken 
up in ether, washed with water and dilute sulfuric acid, again with water, 
and concentrated to dryness. The residual mixture of pregnenes and tosyl- 
ates, 54.2 gm. of a brown oil, was dissolved in 140 cc. of collidine and the 
mixture was refluxed for 25 minutes. After this had been taken up in 
ether, washed with dilute hydrochloric acid, then with water, and finally 
evaporated to dryness, 48.9 gm. of a brown, glassy residue were obtained. 
This material was dissolved in a small volume of methanol from which, by 
careful cooling, 24.0 gm. of a crystalline mixture of acetoxyketopregnenes 
were obtained; m.p. about 75-85°. The 24.8 gm. of mother liquors were 
chromatographed over 250 gm. of alumina. All material eluted by 8:2 
petroleum ether-ether (21.5 gm.) was combined with the 24.0 gm. of crude 
crystalline pregnenes; yield 88 per cent. 

3(a)-Acetoxy-1 1-ketoetiocholanic Acid (XIX), Etiocholanol-3(a)-dione-11 ,17 

Acetate (X XI), and Other Ozonolysis Products—The ozonolysis of the puri- 
fied mixture of pregnene-16-, pregnene-17-, and pregnene-20-ol-3(a)-one-11 
acetates (XVII, XV, and XVI) was conducted in 5.0 gm. portions. This 
amount was dissolved in a mixture of 100 cc. of ethyl acetate and 100 ce. 
of methanol, cooled in a bath of dry ice and acetone, and treated over a 
period of 2 to 3 hours with 1.5 to 2.0 moles of ozone. An apparatus with a 
sintered glass gas diffusion inlet was used. The solution was then treated 
with 40 ec. of dilute acetic acid and 5 gm. of zine dust, warmed to room 
temperature, decanted from unchanged zinc, and concentrated in vacuo to 
asmall volume. The residue was taken up in ether and washed with water 
and dilute potassium carbonate. The acids found in the aqueous alkaline 
layer were present only in traces and were discarded. The washed neutral 
ether layer was evaporated to dryness, dissolved in 125 cc. of acetone, cooled 
to 15°, and treated with 35 cc. of a 5 per cent aqueous potassium perman- 
ganate solution. The mixture was permitted to stand at room tempera- 
ture for 1 hour, then concentrated by directing a stream of filtered air upon 
the surface of the cool (15-20°) solution. When the acetone had almost 
entirely evaporated, the mixture was diluted with water, taken up in ether, 
and the manganese salts reduced with a dilute solution of sulfurous acid. 
The ether layer was washed, then extracted with 10 per cent potassium 
carbonate, which was immediately separated, acidified, and extracted with 
ether. 
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Separation of Acids—The washed ether layer containing the organic acids 
from the permanganate oxidation was concentrated to dryness on the steam 
bath, giving 2.2 to 2.6 gm. of crude acidic material which was then crystal- 
lized from dilute acetone in the refrigerator overnight. The crystals were 
filtered off and recrystallized from acetone-pentane. The melting point 
of the 3(a)-acetoxy-11-ketoetiocholanic acid is 219-221 

Analysis—Cx2.H,,.0;. Calculated. C 70.17, H 8.57 

Found. ** 69.93, 70.08, ** 8.42, 8.31 

The mother liquors from the first crystallization of the acid fraction re- 
sulting from the ozonolysis of 44 gm. of pregnene mixture were combined 
and weighed 9.2 gm. This material was dissolved in 100 ec. of methanol 
containing 1.0 ec. of concentrated sulfuric acid and refluxed for 30 minutes. 
The mixture was then concentrated in vacuo and separated into neutral 
(Fraction N = 6.0 gm.) and acidic (Fraction A = 3.4 gm.) fractions. 

The neutral Fraction N contained most of the etio acid. The methy| 
esters of Fraction N were separated into ‘“ketonic’’ (2.6 gm.) and “non- 
ketonic”’ fractions (3.4 gm.) by the use of Girard’s Reagent T, applied in 
the manner described below. Saponification of the neutral “non-ketonic” 
material followed by trituration of the resulting hydroxy acids with ethyl 
acetate gave 1.40 gm. of a microcrystalline highly insoluble product, 3(a)- 
hydroxy-11-ketoetiocholaniec acid. This was not further purified but 
converted directly into XTX by refluxing with glacial acetic acid overnight. 
The purified acetoxy etio acid so obtained melted at 219-221° after crystal- 
lization from a small volume of ethyl acetate. The total yield of pure 
acetoxy etio acid was 24 per cent. 

The 3.4 gm. of acidic Fraction A were dissolved in 15 ce. of glacial acetic 
acid containing 1.5 ec. of 70 per cent perchloric acid. To this were slowly 
added, with cooling and stirring, 12 ce. of acetic anhydride. The solution 
was permitted to stand at room temperature for 15 minutes, the excess 
acetic anhydride was carefully decomposed with water, and the product 
separated into neutral and acidic fractions. The neutral fraction gave, 
after several recrystallizations from ether, a product melting at 230—-231°. 
The analysis indicated the empirical formula CxH»O.-CH;CO (XX ?). 

Analysis—C»H3,0;. Calculated. C 71.09, H 8.28, CH;CO 11.1 


Found. 2. 9.9 
70.99, ** 7.87 


Alkaline saponification gave an amorphous acid which on reacetylation 
with acetic anhydride and perchloric acid restored the neutral product melt- | 
ing at 223-224° in good yield. 

Separation of Ketones—The ether layer containing the neutral products 
of ozonolysis and subsequent permanganate oxidation was washed and con- 
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centrated to dryness in vacuo. Three such neutral fractions obtained from 
the ozonolysis of three 5 gm. portions of pregnene mixture were combined; 
total weight, 7.8 gm. The ketones were then separated by taking the neu- 
tral product up in 50 cc. of methanol and 5 cc. of glacial acetic acid, adding 
10 gm. of Girard’s Reagent T, and refluxing for 30 minutes. The solution 
was then cooled in an ice bath and poured into a separatory funnel contain- 
ing ether, 36 ec. of 2.0 N sodium hydroxide, water, and powdered ice. The 
cold aqueous layer was extracted twice with ether, then acidified to Congo 
red with 5 N hydrochloric acid. After standing at room temperature 
overnight, the partially crystalline ketonic product was separated by extrac- 
tion with ether. The washed ethereal solution was evaporated to dryness 
and the partially hydrolyzed acetoxy group replaced by heating with pyri- 
dine and acetic anhydride on the steam bath for 15 minutes. The product 
was taken up in ether, washed successively with dilute hydrochloric acid, 
dilute alkali, and water, and evaporated to dryness, giving 4.4 gm. of crude 
acetylated ketonic material. This was recrystallized several times from 
ethyl acetate-pentane, giving long needles of etiocholanol-3(a)-dione-11 ,17 
acetate (XXI). It had a melting point of 162.5—163.0°; [a]? = +176°. 
Chromatography of the mother liquors raised the total yield of pure prod- 
uct to 22 per cent. 

Analysis—C»H3oQO,4. Calculated. C 72.80, H 8.73 

Found. ‘© 72.96, 72.50, “ 8.44, 8.64 

From the chromatographic separation of the mother liquors of X-XI, a 
compound slightly less easily eluted was obtained in small amount; m.p. 
209.0-209.5°. It showed no ultraviolet absorption maximum above 225 
mu. 


Analysis—Found, C 71.17, 71.15, H.8.72, 8.92, —OMe 0.0 


Mild alkaline saponification converted it to an amorphous neutral 
product which on reacetylation gave a difficultly crystalline mixture of 
acetates which was not further investigated. 

Etiocholanol-3(a)-dione-11 ,17 (XXII)—A solution of 380 mg. of etio- 
cholanol-3(a)-dione-11,17 acetate (XX1T) in 4 cc. of 2 N 75 per cent dilute 
methanolic potassium hydroxide was refluxed for 15 minutes. The addi- 
tion of water gave a quantitative yield of crystals, m.p. 185-186.5°. A 
sample recrystallized for analysis from acetone-pentane melted at 187—188°. 


Analysis—C, HesO3. Calculated, C 74.97, H 9.26; found, C 74.93, H 9.26 


Pregnine-20-diol-3(a) ,17(a)-one-11_ (X X/1J)—Pure dry acetylene was 
passed into a solution of 1.3 gm. of potassium metal in 30 to 35 cc. of anhy- 
drous liquid ammonia maintained in a dry ice-acetone bath. The stream of 
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acetylene was continued after the complete decolorization of the solution 
for a length of time equal to that required for the decolorization. To the 
suspension of potassium acetylide was then added a solution of 500 mg. of 
etiocholanol-3(a)-dione-11,17 (XXII) in 10 cc. of pure dry dioxane and 10 
ce. of absolute ether. The ammonia was then permitted to evaporate at 
room temperature, an additional 17 cc. of absolute ether was added, and 
the flask stoppered from the air and permitted to stand overnight at room 
temperature. The mixture was then poured into water, and the suspension 
acidified with dilute sulfuric acid and extracted twice with ether. The 
ether layer was washed twice with 10 per cent potassium carbonate solu- 
tion, then with water, and concentrated to dryness. Crystallization from 
ethyl acetate gave a product melting at 218.5-219.0°; [a], = —9.4°. The 
mother liquors were chromatographed and the combined yield of pure 
material was 80 per cent. No crystalline product other than XXIII was 


isolated. 
Analysis—Cy,H300;. Calculated, C 76.33, H 9.15; found, C 76.41, H 9.07 


Pregnene-20-diol-3(a) ,17(a)-one-11 (XXIV)—A suspension of 300 mg. of 
a 2 per cent palladium-barium carbonate catalyst in 50 cc. of absolute 
aleohol was shaken under | atmosphere of hydrogen until equilibrium was 
reached. To this suspension were then added 658 mg. of pregnine-20- 
diol-3(a) ,17(a@)-one-11 and the solution shaken under hydrogen until 1 
mole was absorbed. The initial rate of absorption was 11 cc. per minute. 
The final rate was 1.5 cc. per minute. The solution was filtered, concen- 
trated in vacuo to a small volume, and crystallized by addition of water. 
The fluffy crystals so obtained were hydrated and melted at about 110° 
with loss of water. Recrystallization from dilute methanol gave crystals 
which, if heated rapidly, melted at 113-115°, resolidified, and melted again 
at 182-184°. Further recrystallization did not appear to effect appreciable 
purification. The water of crystallization apparently was lost by heating 
at 100° in vacuo, since a sample so treated did not show the lower melting 
point but only the upper. A sample dried at 110° had [a], = +43°. 


Analysis—C2H ,0;. Calculated. C 75.85, H 9.70 
Found. ** 76.05, 76.32, “ 9.79, 9.87 


Pregnene-20-diol-3(a) ,17(a)-one-11 Monoacetate-3 (XXV)—On a pre- 
parative scale the purification of the ethylene compound was undertaken 
after acetylation to the 3-monoacetate. The crude pregnene-20-diol- 
3(a),17(a)-one-11 obtained by the reduction of 3.81 gm. of the correspond- 
ing acetylene (XXIII) in 150 cc. of absolute alcohol with 200 mg. of 2 per 
cent palladium-barium carbonate catalyst was crystallized as described 
above and then dried at 100°. The 3.85 gm. of product so obtained were 
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combined with 0.55 gm. of similar material obtained from a previous re- 
duction, and the whole dissolved in a mixture of 20 ec. of acetic anhydride 
and 15 cc. of pyridine and left at room temperature overnight. The solu- 
tion was diluted with water, extracted with ether, and washed successively 
with dilute hydrochloric acid, dilute alkali, and water. Evaporation of 
the ethereal solution gave 4.85 gm. of a crystalline residue consisting of 
erude XXV. After several recrystallizations from ethyl acetate-pentane, 
a product was obtained which melted at 187.5-189.0°. Chromatography 
of the mother liquors gave an additional yield, bringing the total of mate- 
rial of this purity to 87 per cent. This melting point did not represent 
the highest attainable, however; several highly purified fractions from 
the chromatogram melted at 189.5-191.0°. 


Analysis—C,Hy,O,. Calculated, C 73.75, H 9.16; found, C 73.81, H 8.87 


21-Bromopregnene-17-ol-3(a)-one-11 Acetate (XXV1I)—To a solution of 
120 mg. of freshly redistilled phosphorus tribromide in 0.74 ec. of dry 
chloroform,’ maintained at —60° in a dry ice bath, was added dropwise a 
solution of 400 mg. of pregnene-20-diol-3(a) ,17(a@)-one-11 monoacetate-3 
(XXV) in 5.8 cc. of dry chloroform containing 2 drops of pyridine. The 
solution was then allowed to stand at room temperature overnight. A 
small volume of water was added, the chloroform removed in vacuo at 
15-25°, and the gummy residue dissolved in ether. The ethereal solution 
was washed with water, then with dilute sodium bicarbonate, again with 
water, dried over anhydrous sodium sulfate, and concentrated in vacuo 
to give a colorless oil. This was dissolved in a small volume of petroleum 
ether (30-60°) and allowed to crystallize at 0°. By this means 250 mg. of 
crude crystalline product were obtained. A small sample was recrystal- 
lized with difficulty from ether-methanol by concentration in vacuo and 
recrystallized again from ether-pentane by concentration in vacuo. It 
then had a melting point of 116—117°. 


Analysis—C.;H;,;0;Br. Calculated. C 63.15, H 7.61, Br 18.27 
Found. “* 63.36, “‘ 7.53, “* 17.53 


Pregnene-17-diol-3(a) ,21-one-1i Diacetate (XXVII)—A solution of 130 
mg. of 21-bromopregnene-17-ol-3(a)-one-11 acetate (m.p. 113-115°) in 
10 ce. of dry acetone” was refluxed with 800 mg. of anhydrous potassium 
acetate” for 5 hours; the potassium salts were then filtered off, the acetone 
removed in vacuo, and the residue taken up in ether. The ethereal solu- 
tion was washed with dilute potassium carbonate, with water, and then 


* The chloroform was washed seven times with equal volumes of water, dried over 
anhydrous sodium sulfate, and then distilled over phosphorus pentoxide. 

*” The acetone was twice distilled over fused potassium hydroxide. The potassium 
acetate was Merck’s anhydrous, reagent grade, dried in vacuo at 180° for 6 hours. 
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concentrated to dryness on the steam bath. A small quantity of insoluble 
amorphous material was removed by extracting the residue with 30 cc. of 
warm petroleum ether (30-60°). The petroleum ether extract was con- 
centrated to a small volume and cooled. The crystals so obtained naelted 
at 112-113°. Recrystallization from acetone-petroleum ether and dilute 
acetone gave a pure product, m.p. 115.0-115.5°. 


Analysis—C.2,Hy0;. Calculated, C 72.08, H 8.71; found, C 72.07, H 8.59 


Pregnene-17-diol-3(a) ,21-one-11 (XXVJII1I)—<A solution of 50 mg. of 
pregnene-17-diol-3(a),2l-one-11 diacetate (XXVII) in 5 ce. of a 2 Nn 
solution of potassium hydroxide in 75 per cent dilute methanol was refluxed 
for 15 minutes. The addition of water to the cooled solution gave a crys- 
talline precipitate, which after recrystallization from benzene or ethyl 
acetate melted sharply at 200.5°; [a], = +45.5°. 


Analysis—C,,H »O;. Caleulated, C 75.85, H 9.70; found, C 75.98, H 9.35 


Because of the difficultly crystalline nature of the 21-bromopregnene 
(XXVI) and pregnenediol diacetate (X XVII), appreciable quantities of 
material remained in the mother liquors of these two compounds. Further 
quantities of the pregnenediol (XXVIII) were obtained therefrom as fol- 
lows: The mother liquors from the preparation of the 21-bromopregnene 
were combined and gave 1.90 gm. of a yellow oil. This was treated with 
potassium acetate and acetone as above. The product so obtained was 
extracted with petroleum ether and the latter was combined with the 
mother liquors from the preparation of the pregnenediol diacetate. The 
combined product was then saponified as before and extracted with ether. 
The partially crystalline residue weighed 1.45 gm. Direct crystallization 
of this from ethyl acetate and from acetone gave 420 mg. of crude preg- 
nenediol (XXVIII), m.p. 194-197°, which was set aside. The 1.03 gm. of 
product contained in the mother liquors were treated with succinic anhy- 
dride in order to remove the more easily esterified 21-hydroxy compound. 
The crude product (1.03 gm.) was dissolved in 5 cc. of pyridine saturated 
at 28.4° with succinic anhydride. After 4 hours in a thermostat at 28.4°, 
the mixture was diluted with water and worked up as described below for 
the preparation of XXIX. The neutral fraction (750 mg.) was set aside 
for chromatography (see below), the acidic fraction was saponified with 2 
N potassium hydroxide, and the neutral product obtained therefrom crystal- 
lized, giving 210 mg. of the crude pregnenediol, m.p. 192-196°. This was 
combined with the 420 mg. of crude diol obtained previously, and the whole 
was acetylated with pyridine and acetic anhydride and chromatographed. 
The resultant pure pregnenediol diacetate (XX VII) was saponified and the 
pure product so obtained was sufficient to bring the over-all yield of 
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XXVIII, based on the pregnene-20-diol-3(a) ,17(a@)-one-11 monoacetate 
(XXV), to 49 per cent. 

Pregnadiene-16 ,20-ol-3(a)-one-11 Acetate—This by-product from the 
reaction series XXV to XXVIII was obtained by chromatography of the 
neutral product remaining from the partial succinoylation described above. 
The 750 mg. were acetylated in the usual manner and the product (850 mg.) 
was taken up in 5 ce. of benzene and 100 cc. of petroleum ether. The solu- 
tion was put on a column of 20 gm. of alumina and eluted with 100 ec. por- 
tions of petroleum ether-ether mixtures. The eluates obtained with 9:1, 
8.75:1.25, and 8.5:1.5 petroleum ether-ether mixtures were crystallized 
from a smal! volume of methanol. Recrystallization from methanol and 
from petroleum ether by concentration gave small dense prisms, m.p. 
127.0-129.5°; Amax. = 238 mu; € = 1.50 & 10°. 


Analysis —C2;H320;. Caleulated, C 77.48, H 9.04; found, C 77.46, H 9.24 


Pregnene-17?-diol-3(a) ,21-one-11 Monohemisuccinate-21 (X XI1X)—A solu- 
tion of 1.16 gm. of pregnene-17-diol-3(@) ,21-one-11 in 5.5 ec. of pyridine 
previously saturated at 28.5° with succinic anhydride was allowed to stand 
for 120 minutes at 28.5° in a thermostat. Water was added to decompose 
the excess anhydride, and the mixture taken up in ether and washed with 
dilute hydrochloric acid. The organic acids were then removed by shaking 
the ethereal layer with a cold 10 per cent solution of potassium car- 
bonate, which was then rendered acid to Congo red with dilute hydrochloric 
acid and extracted with ether. The washed ethereal solution of acids was 
evaporated and weighed 1.16 gm. The non-acidiec ethereal solution after 
extraction with carbonate was washed and concentrated and unesterified 
diol recovered. 

The 1.16 gm. of crude hemisuccinate were crystallized from ether and 
from dilute acetone, giving 809 mg. of product, m.p. 178.5-181.0°. 


Analysis —C.,;H 305. Calculated, C 69.42, H 8.39; found, C 69.46, H 8.16 


By saponification of the mother liquors of the hemisuccinate, recombin- 
ing the diol obtained with that remaining unesterified from the previous 
succinoylation, and repetition of the partial esterification a nearly quan- 
titative yield of the 2l-monohemisuccinate was eventually obtained. 

Preqnene-17-ol-21-dione-3 ,11 (XXX)—A solution of 1.47 gm. of preg- 
nene-17-diol-3(a@) ,21-one-11 monohemisuccinate-21 (XXIX) in 150 ee. 
of pure glacial acetic acid was cooled to 12° and treated dropwise with stir- 
ring with a solution of 700 mg. of chromic acid in 14 ec. of acetic acid and 
14 ec. of water. The latter portions of the chromic acid solution were 
added more rapidly. The mixture was then allowed to warm to 17° over 
60 minutes, the excess chromic acid destroyed with a small volume of 
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aqueous sodium sulfite, and the acetic acid removed in vacuo. The residue 
was taken up in ether, washed with water, and concentrated to dryness 
in vacuo. The colorless glass so obtained was heated on the steam bath 
for 1 hour with 5 ec. of 2 N aqueous sodium hydroxide together with 15 
ec. of 10 per cent aqueous potassium carbonate. The solution was cooled, 
and the precipitated neutral product broken up into a powder, filtered, 
and washed with water. The dried product weighed 860 mg. The 
aqueous alkaline washings were acidified, extracted with ether, and the 
ether layer was concentrated to dryness, giving an acidic residue of 300 mg. 
This was saponified by refluxing for 15 minutes with 1.1 N methanolic 
potassium hydroxide. The solution was concentrated in vacuo to a small 
volume, diluted with water, and extracted with ether. The neutral frac- 
tion so obtained (185 mg.) was separated into ketonic (115 mg.) and non- 
ketonie fractions by the use of Girard’s Reagent T, applied as described 
- above. The 115 mg. of neutral ketonic material were combined with the 
860 mg. of neutral fraction obtained from the previous saponification and 
the entire product was crystallized from ether-pentane. The crystals 
melted at 149-150° with preliminary sintering; [a], = +56°; yield 81 per 
cent. Further recrystallization gave erratic results, with the melting 
point rising and falling irregularly. Consequently no further purification 
was attempted at this stage. 

Pregnanetriol-17 (8) ,20(8) ,21-dione-3 ,11 Diacetate-20 ,21 (X XX1)—Preg- 
nene-17-ol-21-dione-3 ,11 (XXX) (850 mg.) was allowed to stand with a 
mixture of 7 ec. of pyridine and 7 cc. of acetic anhydride overnight. The 
solution was diluted with water, extracted with ether, washed successively 
with dilute hydrochloric acid, dilute alkali, and water, then evaporated to 
dryness. The 2l-acetate was obtained as a colorless glass (910 mg.) 
which could not be obtained crystalline. After being thoroughly dried 
in vacuo at 100°, it was dissolved in 14 cc. of absolute ether, to which were 
then added 770 mg. of osmium tetraoxide and 450 mg. of dry pyridine. 
The solution began immediately to deposit brown amorphous osmate 
ester and subsequently some crystalline osmate-pyridine complex. After 
the solution had stood overnight, the ether was removed in vacuo and the 
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residue refluxed for 3} hours with a mixture of 35 cc. of alcohol, 24 ce. of | 


water, and 5.5 gm. of sodium sulfite. The solution was then cooled to 
about 30° and filtered. The residue was extracted twice with 60 cc. por- 
tions of aleohol which were filtered. The combined filtrates were con- 
centrated in vacuo to dryness, the residue was partly dissolved in 60 ce. of 
water, and the whole extracted thrice with 150 ec. portions of warm chloro- 
form. The chloroform layer was separated, washed with a small volume 
of water, and concentrated to dryness in vacuo. The colorless gum weighed 
910 mg. A small sample when triturated with water gave a product, 
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evidently a hydrate, which lost solvent of crystallization below 100° to 
give a non-crystalline gum again. In order to obtain a more readily puri- 
fied derivative the crude triol was then converted to the diacetate by dis- 
solving in a mixture of 5 ec. of pyridine and 5 cc. of acetic anhydride. 
After standing at room temperature for 40 hours, the mixture was treated 
with a.small volume of water, concentrated in vacuo, and the residue taken 
up in chloroform, washed with dilute potassium carbonate, dilute hydro- 
chloric acid, and water. The chloroform layer was concentrated to dry- 
ness in vacuo and the residue crystallized from ether. Recrystallization 
from a small volume of ethyl acetate gave needles, m.p. 212-213°; [a], = 
+93°. The mother liquors were chromatographed and gave additional 
diacetate. No other crystalline product was obtained; yield 86 per cent. 


Analysis—C:,H,.O;. Calculated. C 66.94, H 8.08 
Found. “* 67.58, 67.67, ‘* 7.64, 7.38 


The poor agreement of the analysis with theory is not readily explicable, 
since the sample for analysis was purified chromatographically and erystal- 
lized to constant melting point. 

4 - Bromopregnanetriol-17 (8) ,20(8) ,21-dione-3 , 11 Diacetate - 20,21 
(XXXJ/J)—To a solution of 126 mg. of pregnanetriol-17(8) ,20(8) ,21-dione- 
3,11 diacetate-20 ,21 in 0.50 cc. of acetic acid was added a solution of 42.8 
mg. (0.95 mole) of bromine in 0.50 cc. of acetic acid. After a few minutes 
the bromine solution was suddenly decolorized and the mixture was poured 
into chloroform. The chloroform was washed with dilute sodium bicar- 
bonate and water and concentrated to dryness in vacuo. The residue was 
erystallized from a small volume of absolute ether and melted at 188-189° 
with decomposition. The mother liquors were debrominated by stirring 
with acetic acid and zine dust for a few minutes at room temperature. 
The recrystallized bromine-free product so obtained was rebrominated as 
before; yield 93 per cent. . 

Pregnene-4-triol-17(8) ,20(8) ,21-dione-3,11 Diacetate-20,21 (XXXIII) 
(Reichstein’s Substance U Diacetate)—A solution of 710 mg. of 4-bromo- 
pregnanetriol-17(8) ,20(8) ,21-dione-3 ,11 diacetate-20,21 (XXXII) in 70 
ec. of purified pyridine was refluxed for 10 hours. The pyridine was almost 
entirely removed in vacuo, and the residue dissolved in chloroform, washed 
with dilute hydrochloric acid, dilute potassium carbonate, water, and con- 
centrated to dryness in vacuo. The 550 mg. of nearly colorless glass so 
obtained were dissolved in 50 ec. of benzene and absorbed on a column of 
15 gm. of alumina prepared with petroleum ether. The column was eluted 
with 75 cc. of absolute ether, which gave traces of oil and crystals. The 
following ten eluates were obtained by passing through 50 cc. portions of 
ether-chloroform mixtures in the ratios 9:1, 8:2, 7:3, ete., down to un- 
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mixed chloroform. The successive fractions each weighed 50 to 55 mg. and 
melted in a steady downward progression from 246-249" to 204-208°, 
The lowest melting (last) fraction was recrystallized from methanol, com- 
bined with the next lowest melting fraction, recrystallized from methanol, 
and so on. By this method, 151 mg. of constant melting product were 
obtained. The mother liquors were again chromatographed, and the 
fractional crystallization repeated, giving an additional 130 mg. of pure 
product (46 per cent). The melting point was 252.0-253.5°; [a], = 
+179°."" The ultraviolet absorption showed Awax. = 238.5 mu; € = 
2.83 xX 10*. 


Analysis —C.,H;,0;7. Caleulated, C 67.24, HT 7.68; found, C 67.16, H 7.51 


Preqnene-4-triol-17(B) ,20(8) ,21-dione-3 11 (Reichstein’s Substance WU) 
(1)—A solution of 260 mg. of pregnenc-4-triol-17(8) ,20(3) ,21-dione-3 , 11 
diacetate-20 ,21 (XX XIII) in 20 ec. of methanol was treated with 5 ce. of 
water containing 150 mg. of potassium carbonate and 250 mg. of potassium 
bicarbonate at 30°. The mixture was allowed to stand overnight at room 
temperature. It was then neutralized with 0.30 ec. of glacial acetic acid, 
concentrated in vacuo to a small volume, diluted with 100 ce. of water, and 
extracted with four 50 ec. portions of chloroform. The chloroform layer 
was washed wth a little aqueous potassium carbonate and then with water, 
the aqueous washings being reextracted each time with small portions of 
chloroform. The combined chloroform extract was concentrated to dry- 
ness tn vacuo and the residue crystallized by triturating with a few drops of 
acetone. The crystals were washed with a mixture of cold ether-acetone, 
filtered, and recrystallized from ether-acetone. The mother liquors (35 
mg.) were saponified and worked up as before. Total vield of pure mate- 
rial, 93 per cent, m.p. 208.5-209.5°;" [a], = +140°. 

Preqnene-4-triol-17 (8) ,20(8) ,21-one-3 Monoacetate-21 (XXXVIII)—A 
sample of pregnene-4-triol-§7(8) ,20(8) ,21-one-3 (210 mg.) was dissolved, 
with heating, in 0.50 ce. of absolute dioxane, and the solution cooled and 
treated with 77 mg. of dry pyridine and 84 mg. of acetic anhydride. After 
standing at room temperature overnight, the solution was treated with a 
small volume of water, concentrated in vacuo to dryness, and extracted with 
chloroform. The chloroform solution was washed with water and con- 
centrated to dryness in vacuo. The residue was crystallized from ether 
and recrystallized from dilute aleohol. The melting point was then 189 
192°. Mixed melting points with both the free triol and the 20 ,21-diace- 
tate were about 145-175°. Mild saponification of the mother liquors 


gave back the free triol. The corrected yield was then 87 per cent. 


« Reichstein and von Euw (5) give 252-253° (corrected) and [a]p = +178.5°. 
22 Reichstein and von Euw (5) give 208° (corrected); no rotation is given. 
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Analysis—CHy,O,CH;CO. Calculated. C 70.73, H 8.78, CH,;CO 11.0 
Found. "yaa Be.. * 10.6 


Pregnene-4-diol-17 (8) ,21-dione-3,20 Monoacetate-21 (Reichstein’s Sub- 
stance S Monoacetate) (XX XIX) and Androstene-4-dione-3 ,17 (XL)—A 
solution of 200 mg. of pregnene-4-triol-17(8) ,20(8) ,21-one-3 monoacetate- 
21 (XXXVIII) in 18 cc. of pure redistilled glacial acetic acid was cooled to 
11° and treated dropwise over 10 minutes with a solution of 100 mg. of 
chromic acid in 2 cc. of water. The solution was then kept at 11° for 1 hour 
and the excess chromic acid destroyed by the addition of a small volume of 
dilute sodium sulfite. The acetic acid was removed in vacuo (bath tempera- 
ture 55°), and the residue taken up in chloroform, washed with water, 
dilute potassium carbonate, again with water, and concentrated to dryness 
invacuo. The residue weighed 192 mg. It was taken up in 10 ce. of ben- 
zene and put over a column of 6 gm. of alumina. Mixtures of ether- 
petroleum ether were then used to elute the product. From a 3:7 mixture 
of petroleum ether-ether mixture to absolute ether alone was obtained a 
total of 43 mg. of crystals; m.p., after recrystallization from acetone-petro- 
leum ether, 171.5-172°. Admixture with an authentic sample of andros- 
tene-4-dione-3 ,17 gave no depression. Successive elutions with ether- 
chloroform mixtures from 9:1 down to 6:4 ether-chloroform gave crude 
crystals which melted at 224-238° (9:1 fraction) down to 206-225° (6:4 
fraction). These fractions were combined and weighed 36.5 mg. After 
two recrystallizations from methanol and one from acetone-petroleum 
ether, a product" was obtained which had a melting point of 235-238° 
(corrected) with slight sintering at 232°; [a], = +118° + 4° (ec = 0.7); 
A max, = 242 mu; € = 1.47 X 10°. The compound (XXXTX) reduced an 
ammoniacal solution of silver nitrate strongly and rapidly at room tem- 
perature and gave the characteristic scarlet color with concentrated sul- 
furie acid. The yield was 13 mg. 

Analysis—C.,H3,0;. Caleulated, C 71.10, H 8.30; found, C 71.08, H 8.33 


The fractions obtained by subsequent elution of the column consisted 
chiefly of starting material (m.p. 190-196°, corrected) and a small amount 
of 20,21-diacetate which doubtless was originally present in the starting 
material. 

Pregnene-,-triol-17(8) ,20(8) ,21-dione-3 ,11 Monoacetate-21 (XXX1V)— 
A suspenson of 179.5 mg. of pregnene-4-triol-17(8) ,20(8) ,21-dione-3 , 11 
in 0.50 ec. of absolute dioxane was heated on the steam bath until nearly 
all of the crystals dissolved. The solution was then rapidly cooled to room 
temperature and treated with a mixture of 63.5 mg. of pyridine and 68.5 

® Reichstein and von Euw (25) give 239-241°, 236-238°, and 235-237° (corrected) 
as the melting points of various samples of this compound; fa |) = +116.33° + 4°, 
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mg. of acetic anhydride. After standing at room temperature overnight, 
the mixture was treated with 5 cc. of water and the solvent removed in 
vacuo. This was repeated with another portion of water and then with 
two 5 ee. portions of chloroform. The colorless glass so obtained was dis- 
solved in 0.5 ee. of chloroform and 15 cc. of benzene and chromatographed 
over 6.4 gm. of alumina. The fractions from 1:1 ether-chloroform to 2:8 
ether-chloroform consisted of diacetate; from 1:9 ether-chloroform to 7:3 
chloroform-acetone crystals were obtained by rubbing the concentrated 
eluates with ether. The bulk of these fractions melted at 172-174°. The 
material could be recrystallized, with some difficulty, from acetone-ether. 
The melting point was unaltered; yield (of all material, m.p. about 169- 
174°) 61 per cent. All of the remaining chromatographic fractions were 
saponified and the triol so obtained was reacetylated (79 mg. of triol, 0.22 
ce. of dioxane, 19.8 mg. of acetic anhydride, and 18.7 mg. of pyridine in 
0.23 ec. of dioxane; room temperature for 40 hours). Chromatography 
of the product gave additional monoacetate; total yield 87 per cent. 


Analysis—C2,H 3.05. Caleulated, C 68.29, H 8.00; found, C 67.90, H 7.92. 


Pregnene-4-diol-17(8) ,21-trione-3 ,11,20 Monoacetate-21 (Kendall’s Com- 
pound E Monoacetate) (XXXVI) and Adrenosterone (XX XV)—To a solu- 
tion of 165 mg. of pregnene-4-triol-17(8) ,20(8) ,21-dione-3 ,11 monoace- 
tate-21 (XXXIV) in a mixture of 13 cc. of glacial acetic acid and 2 cc. of 
water at 11° was added dropwise, with stirring, a solution of 85 mg. of 
chromium trioxide in 1.7 cc. of water. After standing at 11° for 15 min- 
utes, the solution was warmed to 24° and left at that temperature for 75 
minutes. A dilute solution of sodium sulfite was added dropwise to destroy 
the excess chromium trioxide, the acetic acid then concentrated to a small 
volume in vacuo, and the residue taken up in chloroform. The chloroform 
layer was washed with dilute potassium carbonate, then with water, and 
concentrated to dryness in vacuo. The residue was taken up in 10 ce. of 
benzene and put on a column of 4.5 gm. of alumina prepared with petro- 
leum ether. Fractional elution with successive 15 cc. portions of solvents 
then gave the results presented in Table I. 

Fractions XVIII to XXI consisted essentially of unoxidized starting 
material; this material was combined and reoxidized as before except that 
no water other than that contained in the chromic acid solution was added; 
the oxidation mixture then stood at 11° for 90 minutes rather than at room 
temperature. The product was worked up and chromatographed as be- 
fore. Fraction XII from the first chromatogram was added to the second 
oxidation product before chromatographing. 

Fractions IV to XI represented crude adrenosterone and were combined 
with the comparable fractions from the second chromatogram. Total 
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crude fraction, 54 mg. Recrystallization from acetone-petroleum ether 
and from methanol gave 35 mg. of constant melting product, m.p. 222-224°; 
la}? = +281° (acetone); A max. = 239 my; € = 1.38 X 10. 


Analysis—C,,H2O;. Calculated, C 75.97, H 8.05; found, C 75.83, H 8.13 


Fractions XIV and XV were combined with the corresponding fractions 
from the second chromatogram; this material represented crude Compound 




















TaBLe | 
Chromatographic Separation of Compound E 
Fraction No. Solvent Weight M.p. 
me. ’ C. 
I | 7.5:7.5 petroleum ether-ether | 
II | 6.0:9.0 as os | Trace, crystals 
III | 4.5:10.5 - " ~ 
IV | 3.0:12.0 _ ay 2.7 crystals 220-224 
V | 1.5:13.5 4 so. 210-213 
VI | Ether a. ™ 
VII | 14:1 ether-chloroform 90 * 224-227 
VIII | 13:2 5 if Tay 222-225 
IX | 12:3 ” §.4 “ 225-226 .5 
X | 11:4 ay 2.4 ae 
XI | 10:5 2.0 sy 
XII | 9:6 : Fas 211-220 
XIII | 8:7 - | 235-241 
XIV | 7:8 " ls 219-235 
XV | 6:9 5.0 ‘ cubes 221-230 
‘* needles 231-248 
XVI | 5:10 sp 4.0 7 200-220 
XVII | 4:11 es es * 200-240 
XVIII | 3:12 3 Ss ™ 140-160 
XIX | 2:13 Ps 90 ** 
XX | Pure chloroform 13.0 “ 
XXI | 10:10 chloroform-acetone 50.0 “ 
145.5 ‘ 











E acetate (XXXVI). The quantity of the product was increased by com- 
bining Fractions XV and XVI with the comparable fractions from the 
second chromatogram and rechromatographing. Total weight of the 
mixture, 18.7 mg. consisting of XXXVI and probably the diacetate 
(XXXIII). The 18.7 mg. were dissolved in a small quantity of benzene, 
put on a column of 0.60 gm. of alumina, and eluted with 4 cc. portions of 
ether-chloroform mixtures (see Table IT). 


* Reichstein gives the melting point as 222-224° (3); [a]p = +262° (alcohol) (26) 
for a sample isolated from natural sources. 
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Fractions III to VI were combined with the crude Compound E acetate 
obtained from the two previous chromatograms (total, 29.6 mg.) and re- 
crystallized from acetone-ether, from methanol, and finally from a small 
volume of acetone. It then had a melting point" of 235-238° with slight 
sintering at 230°; [a], = +164° + 4° (e = 0.5); A wax. = 238 mu; € = 1.58 
x 10°. It reduced a solution of ammoniacal silver nitrate strongly at room 
temperature. An authentic sample of Kendall’s Compound E monoace- 
tate, which had been purified chromatographically, had on our apparatus 
a melting point of 235-240°, with slight sintering at 225°. 

A mixed melting point with the synthetic sample showed no depression. 
An absorption spectrum of the authentic compound showed X jax, = 238 
mu; ¢€ = 1.59 X 10. In general, the curves were completely identical 
within experimental error. 


Analysis—CoH20;. Calculated, C 68.61, H 7.52; found, C 68.52, H 7.23 


TaBLe II 


Chromatographic Separation of Compound E 


Fraction No. Solvent M.p. 
C. 
I 7:1 ether-chloroform Trace, oil 
i] 6:2 Poorly crystalline 
III 5:3 . 222-238 
IV 4:4 ™ 212-233 
Vv 3:5 vy 215-230 
VI 2:6 = 215-225 
Vil a7 = Poorly crystalline 
VIII Chloroform Oil 


SUMMARY 


The partial synthesis of A*‘-®,-pregnene-4-diol-17(8) ,21-trione-3 , 11,20 
acetate (Kendall’s Compound E acetate) from desoxycholic acid is de- 
scribed. Other naturally occurring adrenal steroid compounds obtained 
as intermediates or by-products of the synthesis are A‘->.-pregnene-4-triol- 
17-(8) ,20(8) ,21-dione-3 , 11 (Reichstein’s Substance U) and adrenosterone. 
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3(a)-HYDROXY-A’*:"-CHOLENIC ACID* 
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Any method for the synthesis of Compound E (1) must involve the 
introduction of oxygen at the Cy position, either as a secondary hydroxyl 
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or as a keto group. Of all the approaches to such a synthesis afforded by 
general methods of organic chemistry, the addition reactions of a double 
bond, in this case at either Cy-Cy or at Cy-Cy, are the most attractive. 
The fact that procedures for synthesizing both of these unsaturated com- 
pounds from desoxycholic acid have been published (1-3) provides sources 
of starting material. However, the low yields reported in these prepara- 
tions have led to attempts to modify the procedures, thereby increasing 
the yield of the desired products. This study deals with the preparation 
of the compounds containing the double bond at the C,—-C,, position. 
The work of Chakravorty and Wallis (1) on the preparation of 3(a)- 
hydroxy-A’*:"'-cholenic acid provided for the first time a method for intro- 
duction of the double bond at the C,, position. This was accomplished 
in the following manner. 3(a)-Acetoxy-12-ketocholanic acid was bro- 
minated with 1.05 moles of bromine at 70° for 4 hours to give the cor- 
responding 11-bromo derivative. This compound was dehydrobromi- 
nated to 3(a)-hydroxy-A®:"-12-ketocholenic acid by refluxing for 2 hours 
with 10 per cent sodium ethylate solution. The semicarbazone was 


* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 


Development and Princeton University. 
t Present address, E. I. du Pont de Nemours and Company, Richmond, Vir- 
ginia. 
} Present address, Merck and Company, Inc., Rahway, New Jersey. 
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prepared by refluxing for 2 hours with semicarbazide acetate in dilute 
aleohol. This was reduced by heating with sodium ethylate for 15 hours 
at 180° to give the desired hydroxycholenic acid of melting point 183- 
184°. The over-all yield, however, was poor and in this paper we wish 
to record certain improvements. Each of the above reactions has been 
restudied for the purpose of obtaining optimum conditions for maximum 
yields of the desired 3(a)-hydroxy-A’:"'-cholenic acid. The results of 
these experiments are described below. 

Preparation of the Cy Ketone—The method of Schwenk and collabo- 
rators (4) for the direct oxidation of 3(a)-succinoxy-12-hydroxycholanic 
acid was employed. A mixture of succinic anhydride, pyridine, and 
desoxycholic acid was heated for 3 hours on the steam bath; the reaction 
was nearly quantitative and the subsequent oxidation at room tempera- 
ture resulted in the preparation of the crystalline Cy.-keto compound in 
excellent yields. Alkaline saponification led to pure 3(a)-hydroxy-12- 
ketocholanic acid, its physical properties and conversion to various deriva- 
tives indicating excellent purity. 

a-Bromination of the Cy Ketone—The high temperature bromination 
employed by Chakravorty and Wallis (1) involves the addition in one 
portion of 1.05 moles of bromine in acetic acid to a solution of 3(@)-acetoxy- 
12-ketocholanic acid in the presence of a small amount of hydrobromic 
acid. In a restudy of this reaction, we have found that maintaining the 
solution at 70° for 4 hours reduces the yield of desired product and leads 
to a mixture of by-products produced by halogenation reactions other 
than at Cy. Therefore, experiments were made under varying conditions 
with 3(a)-formoxy, 3(a)-acetoxy, and 3(a)-succinoxy compounds, and 
with the methyl ester of 3(a@)-benzoxy-12-ketocholanic acid. 

With pure crystalline 3(a)-formoxy-12-ketocholanic acid it was found 
that although bromination at room temperature favors the formation of 
halogen-substituted derivatives the compound brominates in an anomalous 
manner to give a crystalline tribromo derivative. 

Bromination of 3(@)-succinoxy-12-ketocholanic acid was found to re- 
quire a temperature of 90°. The product was a crystalline material 
melting at 234° with decomposition and having, on analysis, | bromine 
atom per molecule. Unfortunately, owing to difficulties in dehalogena- 
tion, the bromination of the succinate could not be used as a preparative 


method. 

Our next experiments were conducted on the acetoxy derivative. When 
bromination of 3(@)-acetoxy-12-ketocholanic acid was carried out at 55° 
over a period of 6 hours (5), a clear colorless product was obtained, which 
on reesterification could be isolated in crystalline form. 

Good results were also obtained by the rapid bromination of methyl 
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3(a)-benzoxy-12-ketocholanate at 90°. Although in this case no erys- 
talline product was isolated, the non-crystalline monobromo compound 
was produced in a high vield. Thus, despite the fact that it was necessary 
to use the increased temperature to effect the halogenation, various side 
reactions observed with other derivatives did not appear to take place. 

Ethylate Dehydrohalogenation of C\y-Bromo-12-ketocholanic Acid De- 
rivatives—In their studies on the reaction of sodium ethylate on 3(a)- 
acetoxy-11-bromo-12-ketocholanic acid the time of refluxing used by 
Chakravorty and Wallis (1) was 2 hours. Because of the low yield ob- 
tained by this method, it was suspected that since a, 8-unsaturated ketones 
are often unstable in alkali, the refluxing time used by these workers 
resulted in some decomposition in Ring C of the steroid nucleus. There- 
fore experiments were carried out with shorter periods of dehydrohalogena- 
tion, the time of refluxing varying from 5 to 30 minutes. The results 
obtained indicate that, although in every case the reaction approaches 
completion, it is necessary to reflux with ethylate only 15 minutes to ren- 
der the per cent of unchanged bromo compound negligible; consequently 
shorter periods of dehydrohalogenation were employed. 

The detailed results obtained are described in the experimental part of 
this paper. However, it is pertinent to summarize briefly certain of these 
observations. Dehydrohalogenation of the bromination product of 
3(a)-formoxy-12-ketocholanie acid resulted in a mixture which for the 
most part appeared to be composed of the unsaturated cholenic acid and 
3(a)-hydroxy-12-ketocholanic acid. Only a small amount of the pure 
3(a)-hydroxy-A’:"'-12-ketocholenic acid could be obtained by crystalliza- 
tion because of its similarity in solubility to the saturated compound. 
Under the same conditions it was found that the brominated succinoxy 
derivative gave very unsatisfactory results; the ethylate reduction of this 
compound proceeded violently, and the product was no more pure than 
in the case of the formoxy derivative. 

In sharp contrast to these first two derivatives, which give unsatisfactory 
dehydrohalogenation products even under the milder conditions developed, 
stands the observation that the 3(a)-benzoxy and 3(a@)-acetoxy compounds 
yield products of the highest purity. In these two cases after a single 
recrystallization, pure 3(a)-hydroxy-A’'"-12-ketocholenic acid is obtained 
in 25 per cent yield, and sufficient material is obtained in further crops to 
increase the yield to 40 per cent. Further increased yields of the desired 
A’"-unsaturated 12-keto compourid were observed when the mother 
liquors from the above crystallizations were dissolved in ether and treated 
with gaseous hydrogen bromide. The addition product so obtained was 
insoluble in ether and easily separated. On solution in warm acetic acid 
the compound lost hydrogen bromide and on cooling gave 3(a)-hydroxy- 
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A’-".12-ketocholenic acid. In this manner the over-all yield based upon 
3(a)-hydroxy-12-ketocholanic acid was increased to 65 per cent. 

In addition it was found that formic acid treatment of the mother 
liquors from these two reactions enables the recovery of about 35 per cent 
of the saturated Cy-keto compound. By this method, therefore, the 
vield of 3(a)-hydroxy-A’*:"-12-ketocholenic acid was greatly increased. 
Its high degree of purity is indicated by its extinction coefficient in absorp- 
tion spectra measurements. 

Wolff-Kishner Reduction of the a,B8-Unsaturated Ketone—Preparation 
of the semicarbazone of 3(a)-hydroxy-A*:''-12-ketocholenic acid (II) 
prior to ethylate reduction was effected simply by refluxing a solution of 
the ketone and semicarbazide in alcohol. It was found that increasing 
the time of heating of the reaction mixture from the 2 hour period used by 
Chakravorty and Wallis (1) to the more generally employed 8 hour period 
results in a quantitative reaction. The crystalline product melts with 
decomposition at 218°. 

It should be noted in conclusion that the original authors (1) had effected 
the Wolff-Kishner reduction of the above semicarbazone in fair yields by 
reaction in a sealed tube at 180° for 16 hours. In our hands these yields, 
as well as the purity of the resulting compound, improved by decreasing 
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the time of heating in the autoclave to 8 hours. Under such conditions 
a 70 per cent yield of crude product melting at 176° can be obtained as 
needles. Two recrystallizations from acetone yielded a jhighly pure 
product of melting point 184° (III). Acetylation and methylation resulted 
in crystalline plates of methyl 3(a)-acetoxy-A®:"-cholenate (IV) melting 
at 135°; [a]? = +63°. 

It can thus be seen that the preparation of pure 3(@)-hydroxy-A’:"- 
cholenic acid from desoxycholic acid may be accomplished in yields varying 
trom 30 to 50 per cent. 

EXPERIMENTAL 


3(a)-Succinoxy-12-hydroxycholanic Acid—This compound was prepared 
by the method of Schwenk, Riegel, Moffett, and Stahl (4). To 500 ce. 
of dry pyridine were added 200 gm. of pure desoxycholic acid and 200 gm. 
of succinic anhydride. After being refluxed for 6 hours, during which 
time the solution turned black, the contents of the flask were poured into 
water. The tan-colored suspension was extracted with ether, washed 
four times with hydrochloric acid (1:5), twice with water, and dried. 
Upon removal of the ether by distillation a crystalline residue was obtained 
which melted at 224.5-226°. Yield, 236 gm. Recrystallization from 
alcohol gave a product which melted at 227° and agreed in other proper- 
ties with the same succinoxy derivative described by Schwenk et al. (4). 

8(a)-Succinoxy-12-ketocholanic Acid—A portion (58.4 gm.) of 3(a)- 
succinoxy-12-hydroxycholanic acid prepared by the method described 
above was dissolved in 610 cc. of glacial acetic acid and treated at 15° 
during the course of 45 minutes with 14 gm. of chromic acid dissolved in 
175 cc. of 90 per cent acetic acid. Stirring was continued for another 45 
minutes after the chromic acid had been added. The resulting 57.2 gm. 
of crude crystalline material melted at 234-238°. Recrystallization from 
alcohol gave a pure product of melting point 236—238°, identical in proper- 
ties with the same compound prepared by Schwenk et al. by a similar 
method. 

3(a)-Hydroxy-12-ketocholanic Acid—10 gm. of 3(a@)-succinoxy-12-keto- 
cholanic acid were saponified for 1 hour on the steam bath with 6.6 gm. 
of potassium hydroxide in 50 ec. of water. The mixture was poured into 
an ice-acid mixture; the white precipitate when washed and dried weighed 
7.9 gm. and melted unsharply at 157-159°. Recrystallization from ethyl 
acetate gave needles melting at 159-161.5°. Esterification with a 1 per 
cent solution of hydrogen chloride in methanol gave the methyl ester in 
97 per cent yield. Acetylation of the methyl ester with acetic anhydride 
in pyridine gave methyl 3(a)-acetoxy-12-ketocholanate, m.p. 148.5- 
150.5°. [a}2? = +107.5° (57.2 mg. in 5 cc. of absolute alcohol solution). 
The over-all yield from desoxycholic acid was 86 per cent. 
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3(a)-H ydroxy-A°:"'-12-ketocholenic Acid. From 3(a)-Succinoxy-11-bromo- 
12-ketocholanic Acid—10 gm. of 3(a)-succinoxy-12-ketocholanic acid were 
dissolved in 25.6 ce. of glacial acetic acid and treated with 25.6 ec. of a 
1.05 m bromine-acetic acid solution. The reaction was allowed to continue 
for 1 hour, after which time most of the color had disappeared. The 
resulting crystalline monobromide melted at 234°. 4 gm. of this material 
dissolved in 20 ce. of hot absolute alcohol were added carefully to a boiling 
solution of sodium ethylate prepared from 4 gm. of sodium and 47.5 ce. of 
absolute alcohol. As the reaction generally was not satisfactory and very 
little sodium bromide was liberated, the mixture was refluxed for 10 
minutes. When the product was worked up in the usual manner, the 
residual oil on crystallization from ethyl acetate gave low yields of 3(a)- 
hydroxy-A®:"'-12-ketocholenic acid of melting point 158-161°. Recrys- 
tallization gave crystals melting at 160-163°, compared with 171° for the 
pure compound first prepared by Chakravorty and Wallis (1). 

From Methyl 3(a)-Benzoxy-11-bromo-12-ketocholanate—100 gm. of methy! 
3(a)-hydroxy-12-ketocholanate in 500 cc. of benzene were treated with 24.4 
ec. of benzoyl chloride dissolved in 50 ec. of dry pyridine. After completion 
of the reaction 92 gm. of methyl 3(a@)-benzoxy-12-ketocholanate of melting 
point 94-95° were obtained. 20 gm. of this product in 54 cc. of glacial 
acetic acid were brominated with 54 cc. of 1.05 m bromine-acetic acid solu- 
tion at 85° for 45 minutes. The resulting 20 gm. of oily product were 
dissolved in 100 ce. of hot absolute alcohol and added slowly to a boiling 
solution of sodium ethylate (20 gm. of sodium in 240 ec. of absolute alcohol). 
The reaction proceeded smoothly, giving sodium bromide immediately. 
Water was added after 15 minutes of refluxing and the product worked 
up. Two recrystallizations from ethyl acetate gave 4.9 gm. of 3(a)- 
hydroxy-A°:"-12-ketocholenic acid of melting point 172-173°. [a]? = 
+113° (15.4 mg. in 2 ec. of absolute alcohol). Further crops of crystals 
increased the yield. 

From 3(a)-Acetoxy-11-bromo-12-ketocholanic Acid—A solution of 90 gm. 
of 3(@)-hydroxy-12-ketocholanie acid in 200 ce. of dry pyridine and 200 ce. 
of acetic anhydride was heated for 18 hours on the water bath. The 
amorphous product on crystallization from aqueous acetic acid gave 63 
gm. of material melting at 192°. From the mother liquor additional 
amounts of the acetoxy derivative were obtained. To 60 gm. of this 
compound dissolved in 600 ce. of glacial acetic acid at 50-60° was added 
over a period of 3 hours a solution of 12 ec. of bromine in 480 cc. of acetic 

acid. After standing 4 more hours at 55° it was worked up in the usual 
manner to yield a non-crystalline bromo derivative. 20 gm. of this prod- 
uct dissolved in 130 ec. of absolute aleohol were added slowly to a refluxing 
solution of sodium ethylate (24 gm. of sodium in 275 cc. of absolute alcohol). 
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The reaction proceeded smoothly and after 10 minutes the product was 
worked up. Crystallization from ether and from ethyl acetate gave 4 gm. 
of 3(a)-hydroxy-A’:"-12-ketocholenie acid which melted at 168-170°. 
From the mother liquor additional amounts of this compound were obtained 
to increase the yield to 65 per cent. In one case this was accomplished by 
dissolving in ether the material in the mother liquors and treating the 
solution with gaseous hydrogen bromide. The addition product so 
obtained was crystallized and filtered. On solution in warm acetic acid 
the compound lost hydrogen bromide and on cooling additional amounts of 
3(a)-hydroxy-A® :"'-12-ketocholenic acid crystallized. 

From 3(a)-Formoxy-11-bromo-12-ketocholanic Acid—When 7.9 gm. of 
3(a)-hydroxy-12-ketocholanic acid were dissolved in 25 ce. of 98 per cent 
formic acid and the solution allowed to stand for 12 hours, a crystalline 
3(a)-formoxy derivative in 97 per cent yield was obtained, m.p. 203—204°. 
Recrystallization from aleohol gave 7 gm. of product, m.p. 203-204.5°, 
fal}? = +116.5° (17.3 mg. in 2 ce. of absolute aleohol). A solution of 
25 gm. of this product in 75 ce. of glacial acetic acid was treated for 16 
hours at room temperature with 75 ec. of a 1.05 mM bromine-acetie acid 
solution. The product was then worked up in the usual manner. From 
a concentrated ether solution (250 cc.) a small amount of crystalline 
material separated. Weight, 2 gm.; m.p. 135-142° (with decomposition). 
Recrystallization from alcohol gave crystals which melted at 145.5-147°, 
[a]? = 4+24.2° (49.4 mg. in 5 ce. of acetone solution). 


Analysis—C,;H;,0;Br;. Calculated, C 45.80, H 5.39; found, C 46.20, H 5.58 


The ether filtrate was evaporated to dryness to give a brominated non- 
crystalline residue. A solution of 3.6 gm. of this material in 20 ce. of 
absolute aleohol was poured slowly into a refluxing sodium ethylate solu- 
tion (4 gm. of sodium dissolved in 46 cc. of absolute alcohol). Refluxing 
was continued for 15 minutes, after which the product was worked up. 
Great difficulty was encountered in getting a crystalline material of high 
purity. The first recrystallization from ether gave a product which melted 
unsharply at 158-163°. Five recrystallizations from ethyl acetate gave 
0.5 gm. of 3(@)-hydroxy-A*:"-12-ketocholenie acid, m.p. 168-169°. The 
3(a)-formoxy derivative was prepared by dissolving a portion of this 
material in 98 per cent formic acid. Recrystallization from dilute acetone 
gave white plates which melted at 169-170°. 

3(a)-Hydroxy-A?:"'-cholenic Acid—To 15.7 gm. of pure 3(a)-hydroxy- 
A’ ".12-ketocholenic acid dissolved in 120 ce. of aleohol were added 9.5 
gm. of sodium acetate and 7.8 gm. of semicarbazide hydrochloride in 15 ec. 
of water. The solution was refluxed for 8 hours and the alcohol was 
removed by distillation. The crystalline residue was leached with hot 
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water, dried, and repeatedly washed with ether. The product melted at | 
218-221° and weighed 15 gm. To 2 gm. of this semicarbazone was added 

a solution of sodium ethylate (6 gm. of sodium in 70 cc. of absolute alcohol) 
and the contents were sealed in a tube and placed in an oven at 180° for | 
12 hours. The material was worked up and 0.9 gm. of crude product, 
m.p. 173-178°, was obtained. This yield was increased to 70 per cent 
when the time of heating at 180° was cut to 8 hours. Four recrystalliza- 
tions from acetone gave plates which melted at 181-184°. [a]? = +54.2° 
(15.5 mg. in 2,cc. of absolute alcohol solution). 

The crystalline acetoxy methyl ester was prepared in excellent yield by 
the action of diazomethane followed by acetylation. It melted at 133- 
135° and had [a]? = +62.9° (92.4 mg. in 10 ce. of absolute alcohol). 

Methyl 3(a)-Hydroxy-A*"-12-kelocholenate—Methylation of 1.0 gm. of 
3(a)-hydroxy-A® :"-12-ketocholenic acid with 0.34 gm. of diazomethane in 
ether gave an oil which, on crystallization from ether, melted at 116-117°. 
[a]? = +109.5° (21.0 mg. in 2 ce. of absolute alcohol solution). 


Analysis—CyHyyO,. Calculated, C 74.54, H 9.51; found, C 74.63, H 9.53 


3(a)-Acetoxy-A’ "'-12-ketocholenale—1 gm. of the methyl ester prepared 
by the method described above was treated on the water bath with 5 ce. 
of acetic anhydride in 10 ec. of dry pyridine. When the product was 
worked up, an oil was obtained which, on crystallization from methanol, 
gave crystals of melting point 138-139°; [a]!8 = +110.8° (22.4 mg. in 2 ee. 
of absolute alcohol solution). 


Analysis—CyHwO;. Calculated, C 72.94, H 9.07; found, C 72.90, H 9.17 


We take this opportunity to express our thanks to the Committee on CI 
Medical Research of the National Research Council for a grant-in-aid 
which made this work possible. We also thank Merck and Company, 
Inc., Rahway, New Jersey, for the analyses published in this paper. 


SUMMARY 


Improved methods have been developed by which the preparation of 
3(a)-hydroxy-A*®'"-cholenic acid from desoxycholic acid may be effected 
in yields of 50 per cent. 
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THE INTRODUCTION OF OXYGEN INTO THE STEROID 
NUCLEUS AT THE C,, POSITION* 


By ELIJAH M. HICKS, Jr.,f anp EVERETT 8. WALLIS 


(From the Frick Chemical Laboratory, Princeton University, Princeton) 


(Received for publication, September 8, 1945) 


Concurrently with studies made on the preparation and rearrangement 
of oxides (1) derived from Cy—-Cy,- and C,,—-Cy-unsaturated steroids, other 
addition reactions to these double bonds have been studied. In this paper 
we wish to describe our results obtained by the action of hypobromous 
acid on methyl 3(a@)-acetoxy-A’:"-cholenate. Application was made ot 
the Schmidt reaction of hypobromous acid with double bonds. With 
methyl 3(a)-acetoxy-A*'"-cholenate (I) a crystalline product (II) was 
obtained. Chromic acid oxidation of this latter compound followed by 
debromination with zine in acetic acid yielded an oil which partially 
crystallized. Chromatographic fractionation yielded two products. Frac- 
tion I melted at 132° and was found to be identical with the starting mate- 
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rial (1). Fraction II melted at 132-134°, with sintering at 118°. This 
compound we believe to be methyl 3(a)-acetoxy-11-ketocholanate (III). 
A mixed melting point determination with a product prepared according 
to the method of Ott and Reichstein (2) by application of the Schmidt 
reaction to methyl 3(a)-acetoxy-A"-cholenate, and ascribed by them the 
same structure, gave no depression. 

In this connection we should like to point out that the action of nitrosy] 
chloride on methyl 3(@)-acetoxy-A’:''-cholenate has also been studied. 
Pure nitrosyl chloride prepared according to the method of Skinner (3) 
was allowed to react with this unsaturated steroid at room temperature 
for 20 hours. Removal of the solvent in the cold yielded a crystalline, 
colorless material which began to decompose at 10°. Because of the 
instability of this compound all attempts to remove halogen and obtain 
the desired ketone either as such or in the form of its oxime failed. In 
our hands only starting material was isolated. 


EXPERIMENTAL 


Methyl 3(a)-Acetoxy-11-kelocholanate. From Methyl 3(a)-Acetoxy-A*™"- 
cholenate—To a solution of 500 mg. of methyl 3(a)-acetoxy-A’:"-cholenate 
dissolved in 15 ce. of tertiary butyl alcohol and 6 ec. of 0.4 N sulfuric acid 
were added 220 mg. of N-bromoacetamide. After 2 minutes a bright 
yellow color developed in the solution. The reaction was stopped and 
sodium bisulfite solution was added until decolorization was complete. 
Water was added slowly and on standing a crystalline material separated. 
This product was filtered and dried. It melted at 131-133° and was 
found to be starting material. The mother liquors were concentrated 
to dryness. 

A solution of 200 mg. of this material dissolved in 5 cc. of glacial acetic 
acid was treated for 12 hours at room temperature with 0.10 gm. of chromic 
acid dissolved in 1 ec. of acetic acid. The mixture was then poured into 
water, extracted with ether, washed with carbonate solution, and with 
water, and dried. On evaporation a crude crystalline product was ob- 
tained which gave a positive Beilstein halogen test. 

To a solution of 170 mg. of this crude bromoketone in 5 cc. of acetic acid 
was added an excess of zinc dust. The mixture was stirred on the steam 
bath for 25 minutes. Filtration of the zine was followed by removal of 
the acetic acid. The residue was taken up in ether, washed with sodium 
‘arbonate solution and water, and dried. On evaporation 150 mg. of 
an oily product were obtained. This material was fractionated chromato- 
graphically as follows: It was dissolved in 20 ce. of petroleum ether 
(30-60°)-benzene solution (1:2), and placed on a column of 8 gm. of acid- 
washed Merck’s alumina, The pressure head was 220 mm. of mercury. 
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On developing the chromatogram and elution with benzene-petroleum 
ether (30-60°) in varying proportions (10 per cent benzene to 70 per cent 
benzene), two crystalline fractions were obtained. Fraction I weighed 
37 mg. and on recrystallization melted at 132°. A mixed melting point 
determination with methyl 3(a)-acetoxy-A’:!'-cholenate gave no depression. 

Fraction II weighed 40 mg., and recrystallization of a portion of this 
material from methanol gave plates which melted at 132—134°, with 
sintering at 118°. [a]!® = +68.5° (20 mg. in 2 ec. of acetone solution). 
A mixed melting point determination with 3(a@)-acetoxy-A’:"-cholenate, 
m.p. 131-134°, gave a depression. A mixed melting point determination 
with a sample of methyl 3(a@)-acetoxy-11-ketocholanate of melting point 
130-133° (sintering at 118°), prepared from methyl 3(a@)-acetoxy-A"- 
cholenate according to the method of Ott and Reichstein (2), gave no 
depression. 

Action of Nitrosyl Chloride on Methyl 3(a)-Aceloxy-A°:"-cholenate—To 
225 mg. of methyl 3(a)-acetoxy-A®:"'-cholenate (m.p. 131-134°) dissolved 
in 20 ec. of anhydrous ether was added 0.10 ce. of pure liquid nitrosy! 
chloride prepared according to the method of Skinner (3). A glass stopper 
was inserted in the flask and the solution was allowed to stand at room 
temperature for 20 hours. After this time the solution was cooled to 0° 
and the liquid removed in vacuo. As the solution was concentrated, 
clear crystals formed which gave a very strong positive Beilstein test. 
When the flask was allowed to warm up to about 10°, decomposition of 
the crystalline product began. This was stopped immediately by cooling 
and by dissolving the product in 25 ec. of dry ether. 

To this solution were added 50 mg. of Adams’ palladium oxide catalyst 
and the contents were submitted to hydrogenation under 1 atmosphere of 
hydrogen. The solution was shaken overnight at room temperature, and 
after filtration of the catalyst, it was evaporated in vacuo at 0°. 

To insure complete removal of halogen the oily product as obtained 
was dissolved in 15 ec. of acetic acid and treated with zine dust. When the 
product was worked up, an oil was isolated which was reesterified and 
reacetylated. After chromatographic fractionation 66 mg. of a crystalline 
product were obtained which, when recrystallized from methanol, melted 
at 129-132°. A mixed melting point determination with a sample of 
methyl 3(a)-acetoxy-11-ketocholanate gave a depression. When a similar 
mixed melting point determination was made with a sample of methyl 
3(a)-acetoxy-A’:"'-cholenate, no depression was observed. 


We wish to take this opportunity to express our thanks to the Committee 
on Medical Research of the National Research Council for a grant-in-aid 
which made this work possible. 
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SUMMARY 


A method is described for the introduction of oxygen into the steroid 
nucleus at the Cy, position. 

Methyl 3(a)-acetoxy-11-ketocholanate has been prepared from methy| 
3(a@)-acetoxy-A’:"-cholenate by the action of hypobromous acid, followed 
by oxidation of the secondary hydroxyl group and by reductive removal 
of the halogen. The compound crystallizes from methanol in large flat 
hexagonal plates of melting point 132--134° (sintering at 118°); [a]!® = 
+68.5° (acetone). 
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STUDIES ON THE PREPARATION AND REARRANGEMENT 
OF CERTAIN STEROID OXIDES* 


By ELIJAH M. HICKS, Jr.,f CARL JOHN BERG,{ ann EVERETT 8. WALLIS 


(From the Frick Chemical Laboratory, Princeton University, Princeton) 
(Received for publication, September 8, 1945) 


By preparative methods developed by Chakravorty and Wallis (1) 
and improved by Hicks, Berg, and Wallis (2) and by Alther and Reichstein 
(3) the 3(@)-hydroxycholenic acids containing double bonds at the Cy-Cy 
and the Cy:-Cy positions respectively are readily available. An attractive 
method, therefore, for introducing oxygen either as a ketone or as a secon- 
dary hydroxyl at the Cy, position lies in addition reactions of these un- 
saturated compounds. It would seem that one such method of introduc- 
tion of this grouping essential in the synthesis of Compound E would 
consist in the rearrangement of oxides derived from the two cholenic 
acids mentioned above. Such reactions might be imagined to proceed 
according to the accompanying diagrams (I to XV). 

If instead of rearrangement simple hydrolysis of the oxido compounds 
should happen to occur, rearrangement studies of the glycols so formed 
would be of interest, for in the case of the Cy-Cy, oxide the only possible 
keto compound which could be produced would be the desired Cy, ketone. 

Therefore, it seemed pertinent to study methods for the direct conver- 
sion of these unsaturated cholenic acids to keto and glycol derivatives 
through the preparation and rearrangement of their oxides. 

In order for us to obtain starting material for rearrangement studies, 
methods of preparing II and IX from the corresponding cholenic acids 
were investigated. The application of perbenzoic acid to the Cy y-Cy 
double bond was shown by Chakravorty and Wallis' to yield an oxide 
mixed with a certain amount of starting material. Since in their hands 
difficulties were encountered in obtaining this oxide in a pure state, a 
method was sought whereby a stronger oxidizing agent could be used. 
The action of potassium permanganate, lead tetrapropionate, osmium 
tetroxide, hydrogen peroxide, and perbenzoic acid under a variety of 
conditions was investigated, and preliminary to our study of the action 
of certain of these reagents on II and IX, conditions for oxide formation 

* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 


Development and Princeton University. 
t Present address, E. I. du Pont de Nemours and Company, Richmond, Virginia. 
t Present address, Merck and Company, Inc., Rahway, New Jersey. 
'Chakravorty, P. N., and Wallis, E. 8., unpublished data. 
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were investigated with various derivatives of cholesterol, sitosterol, and 
ergosterol. 

The use of lead tetrapropionate and of osmium tetroxide as the oxidiz- 
ing agent led to results which are not of special interest in connection with 
this particular problem. However, the action of potassium permanganate 
and of perbenzoic acid did lead to results of sufficient interest to warrant 
a description of them at this time. With ergostery! acetate, whose system 
of conjugated double bonds in Ring B had been protected by maleic 
anhydride,? hydrogen peroxide gave a pure C2—C»;-oxido compound of 
melting point 224-228°. When the maleic anhydride addition product of 
dehydroergostery! acetate was used as a starting material, a Cy—Cy, Co2—-Cy- 
dioxido compound of melting point 256-257° was obtained in good 
vield when perbenzoic acid was the oxidizing agent. 

Our next studies involved the use of potassium permanganate. The 
treatment at room temperature of cholestery] benzoate with this reagent in 
acetic acid yielded a crystalline oxide which melted at 150° and was pre- 
dominantly the 6-oxide. A similar result was obtained with 8-sitosteryl 
benzoate. In order to test this rapid method of oxide preparation on a 
bile acid derivative, the action of potassium permanganate on the known 
methyl 3(a)-acetoxy-A’:"-cholenate? ahd on methyl 3(a)-acetoxy-A"- 
cholenate, prepared by the method of Kendall et al. (5), was studied. 
With the latter compound a C,,-Cy-oxido derivative of melting point 
142.5°, [a] = +56.9°, was obtained in 65 per cent yield. These constants 
are in excellent agreement with those observed by Press and Reichstein (6) 
for the same compound prepared by the action of perbenzoic acid. 

Extension of this method of permanganate oxidation to methyl 3(a)- 
acetoxy-A’:''-cholenate resulted in mixtures of two isomeric oxides. Chro- 
matographic fractionation yielded a low melting oxide, m.p. 117-118°, [a]? = 
+53.1°, herein referred to as the 6-oxide and identical with an oxide of 
melting point 117.5°, [a]? = +50.1°, prepared by the action of perbenzoie 
acid, and a high melting oxide of melting point 146—146.5°, [a]? = + 109°, 
herein referred to as the a-oxide.. Small amounts of starting material 


| 


| 


were also isolated. It was observed that the proportions of these two | 


oxides varied with the conditions of the experiment. For example, higher 
yields of the a-oxide were obtained when the potassium permanganate 
was dissolved in 50 per cent aqueous acetic acid. 

Chemical properties of cyclic oxides have been extensively studied and 
the opening of oxide rings has been effected with a variety of reagents. 


2 We would like to record at this point that in the preparation of ergostery] acetate 
maleic anhydride prepared according to the method of Inhoffen (4) a new isomer of 
this compound was isolated. It has a melting point of 174-176°. [a]J> = —207° 
(22.2 mg. in 2 ee. of chloroform solution). 
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Space does not permit an exhaustive review of this work. Neither is it 
necessary to discuss in this paper the various mechanisms by means of 
which such oxides are rearranged to ketones or converted to glycols. It 
is pertinent, however, to cite a few examples from the field of the steroids 
which have had a direct bearing on this particular investigation. Thus, 
Fernholz (7) obtained 3(8)-acetoxycholestandiol-3,5 from cholesteryl 
acetate a-oxide when the latter compound was hydrogenated with the 
aid of a platinum catalyst. The same result was obtained by Chinaeva 
and Ushakov (8) when pheny! lithium was used as the reducing agent. 
When Grignard reagents are employed (8, 9), it has been observed that 
oxido cholesteryl acetate is converted to 6-ketocholestanol acetate. Rear- 
rangement of C;-Cs oxides to Cs ketones has also been effected by other 
methods (9, 10). It is interesting to note, however, that in many cases the 
two forms of the oxides in question behave differently (9, 10). Also, in 
some instances when acids such as hydrogen chloride are employed (9-11) 
chlorohydrins are isolated as the first products of the reaction. 

Steroid oxides have also been hydrolyzed to glycols. Thus, Windaus 
and Westphalen (12) and Spring and Swain (9) have obtained Cs—C¢- 
glycols by the action of sulfuric acid upon cholesteryl acetate a-oxide and 
cholesteryl acetate 6-oxide respectively. Similarly, acetic acid treatment 
of the a-oxide of 3(8)-acetoxyandrosten-5-one-17 has been shown by 
Ehrenstein (13) to yield 3,6-diacetoxy-5-hydroxyandrostanone-17. 

With these experimental results in mind both hydrolytic and rearrange- 
ment studies of the oxides of methyl 3(a)-acetoxy-A’:"-cholenate and 
methyl 3(a@)-acetoxy-A"-cholenate were made. With the latter com- 
pound difficulty was encountered in rearrangement studies with such agents 
as magnesium bromide and zine chloride. This fact rendered very doubt- 
ful the possibility of an attack on the Cy-Cy oxide by such reagents, 
since in an oxido compound of this kind the oxygen is protected by the Cyo- 
methyl group, as is graphically demonstrated by the construction of a 
Fischer-Hirshfelder model. This idea was further substantiated by our 
initial experiments on catalytic hydrogenation. The Cy y-Cy oxide is not 
susceptible to such reactions. Neither is the oxide ring sensitive to the 
action of common mineral acids. A chemical change was observed, 
however, when this oxide was treated with hydrogen fluoride. 

In order to determine conditions under which such a reagent was most 
effective in opening oxide rings we first studied its action on the a- and 
8-oxides of cholesteryl benzoate. It was soon observed that the major 
problems involved were concerned with temperature, solvent, and length 
of reaction time. Thus, it was found that at temperatures above —50° 
almost complete decomposition of the oxide to non-crystalline material 
took place. Therefore, all reactions except one were carried out at tempera- 








STEROID OXIDES 
tures of —80° over periods of time of less than 5 minutes. Platinum 
crucibles with covers were employed as reaction vessels and mixing was 
accomplished by addition of the crystalline oxide with stirring to the cold 
anhydrous liquid acid. An initial experiment with cholesteryl benzoate 
a-oxide in liquid hydrogen fluoride for 20 minutes showed that the reaction 
time was far too long. Only when the time of reaction was reduced to 
5 minutes or less was it possible to obtain a crystalline product from this 
oxide. Under these conditions a crystalline compound was isolated which 
melted at 204°, [a]? = —12.7° in chloroform, and was shown by analysis 
to be a triol monobenzoate, differing, however, in configuration from the 
glycol obtained by sulfuric acid treatment of cholesteryl benzoate a-oxide. 

In the hope that a ketonic product might be obtained by rearrangement 
various attempts were made to prevent hydrolysis of the oxide ring. Thus, 
instead of pouring the product of the reaction into water, studies were 
made of the quenching effect of ether, alcohol, and acetic anhydride, and 
of the solvent effect of carbon tetrachloride. Although in some instances 
the product of the reaction was not as clean cut, in all cases the same triol 
monobenzoate was produced, and when the reaction mixture was poured 
into absolute alcohol somewhat higher yields of the glycol derivative were 
obtained. It is of interest to note in this connection that the highest 
vields of the a-glycol monobenzoate were obtained when carbon tetra- 
chloride was employed as a solvent. When acetic anhydride was used as 
solvent, no appreciable amount of reaction occurred. 

Similar studies were carried out on cholesteryl! benzoate 6-oxide. Since 
Ehrenstein (13) has observed that the action of sulfuric acid on the two 
oxides of dehydroisoandrosterone acetate gives the same glycol, and, thus, 
has demonstrated that the hydrolysis proceeds by a different mechanism, 
it was hoped that there would be a possibility of obtaining a C, ketone by 
rearrangement of the 8-oxide with hydrogen fluoride. However, repeti- 
tion of the above reactions with the 6-oxide again yielded a triol mono- 
benzoate, but in this instance the mechanism of hydrolysis of the isomeric 
oxides proved to be the same and a different triol monobenzoate herein 
called the 8-glycol monobenzoate of melting point 188°, [a]* = +0° in 
chloroform, was obtained. Since this glycol monobenzoate is also different 
from the one obtained by Spring and Swain (9) by the action of sulfuric 
acid on the a-oxide of cholesteryl benzoate, we can conclude that three of 
the four possible isomeric glycols have been accounted for. 

Our next experiments were carried out on the ‘8-oxide’”’ of methyl 
3(a)-acetoxy-A''-cholenate (5). Conditions for the reaction were the 
same as those previously employed except that the reaction time was 
confined to 1 minute. On working up the product, methy! 3(a)-acetoxy- 
11,12-dihvdroxycholanate was obtained in yields of 35 per cent. The 
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pure compound melted at 146°, [a]? = +59.4° in absolute alcohol. Saponi- 
fication of this material followed by methylation yielded a compound of 
melting pomt 135°, [a]! = +47.5° in alcohol. 

The action of hydrogen fluoride on the “‘8-oxide”’ of methyl 3(a)-acetoxy- 
A’: "-cholenate was found to proceed in a somewhat different manner, 
Preliminary runs with the ‘‘8-oxide” when the reaction time was 5 minutes 
led to the formation of non-crystallizable oils. When, however, the time 
was decreased to 1 minute or less, the oil so obtained yielded, upon chromat- 
ographic fractionation, two crystalline products of melting point 130°, 
[a}2° = +43° in dioxane, and 144°, [a]? = —27° in dioxane, respectively, 
The lower melting compound was shown by analysis to contain no oxygen 
in Ring C. Absorption spectra showed the presence of a conjugated sys- 
tem of double bonds. The higher melting product was shown by analysis 
to contain an oxygen atom in Ring C. It was found to be stable to chromic 
acid, but perbenzoic acid treatment showed the presence of a double bond. 
Thus it is our belief that the reaction of hydrogen fluoride on the 8-oxide 
of methyl 3(a@)-acetoxy-A’:"'-cholenate proceeds as in the accompanying 
structures. 

EXPERIMENTAL 

Cx—-Cx3, Oxide of Ergosteryl Acetate Maleic Anhydride—1.8 gm. ot ergos- 
teryl acetate maleic anhydride (m.p. 216°), prepared according to the 
method of Inhoffen (4) with slight modifications, were dissolved in 6 ce. 
of acetic acid and treated for 5 hours on the water bath with | cc. of 30 
per cent hydrogen peroxide. On working up the product crystals were ob- 
tained which melted unsharply at 221-224°. On reerystallization three 
times from acetone and after careful drying the pure compound melted at 
224-228° : [a]? = — 13° (20 mg. in 2 ec. of dry chloroform solution). 


Analysis—CyH,,O¢. Caleulated, C 73.81, H 8.72; found, C 73.88, H 8.78 


New Isomeric Form of Ergosteryl Acetate Maleic Anhydride—The mother 
liquors from the Inhoffen (4) preparation of ergosteryl acetate maleic 
anhydride were concentrated and then taken up in methyl! alcohol. 
Crystals were obtained which on further recrystallization to constant melt- 
ing point from methanol melted at 174-176°; [a 27 — —207° (20 mg. in 
2 ce. of dry chloroform solution). 


Analysis—Cy,H,,0;. Calculatyl, C 76.08, H 9.02; found, C 76.18, H 9.14 


Cy-Cy, Ce-C 23 Dioxide of Dehydroergosteryl Acetate Maleic Anhydride— 
Dehydroergostery! acetate maleic anhydride was prepared by the method 
of Murke (14, 15). 0.4 gm. of this substance was treated for 3 days with 
a 2-fold excess of perbenzoic acid dissolved in chloroform. On working 
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up the product 0.1 gm. of material of melting point 218-235° was obtained. 
Five recrystallizations from ethyl acetate gave crystals which melted at 
956-258°; [a]24 = —8° (20 mg. in 2 cc. of dry chloroform solution). It 
ean be crystallized also from acetic acid. 


Analysis —Cy,H40;. Calculated, C 71.80, H 8.51; found, C 71.77, H 8.37 


Cholesteryl Benzoate B-Oxide—A solution of 1.3 gm. of potassium per- 
manganate (1.1 M) in 12 ce. of water and 20 ce. of acetic acid was added 
at room temperature to 5.0 gm. of cholesteryl benzoate dissolved in 100 ce. 
of glacial acetic acid and 20 cc. of chloroform. After 20 minutes the reac- 
tion mixture was worked up. Crystallization of the crude material from 
ethyl acetate gave 1.7 gm. of needles of melting point 147-150°. Addi- 
tional amounts of material were obtained by concentration of the mother 
liquors. A mixed melting point determination with a sample of the 8-oxide 
of melting point 149-150° prepared by the usual method gave no depression. 

8-Sitosteryl Benzoate B-Oxide—aA solution of 5.0 gm. of 8-sitosteryl benzo- 
ate (m.p. 145-147°) in 100 ce. of acetic acid and 50 ee. of chloroform was 
treated at room temperature for 15 minutes with 1.2 gm. of potassium per- 
manganate dissolved in 90 ce. of acetic acid and 10 cc. of water. Bisulfite 
decolorization was followed by addition of water, chloroform extraction, 
washing, drying, and removal of solvent. The crystalline product so ob- 
tained melted at 181—184°; [a]?” = +8.6° (39.2 mg. in 5 ce. of chloroform 
solution). 

Methyl 3(a)-Acetoxy-11(8) ,12(8)-oxidocholanate—3 gm. of methyl 3(a)- 
acetoxy-A''-cholenate were dissolved in 30 cc. of glacial acetic acid and 
treated in one portion with 2.25 gm. of potassium permanganate in 170 
ec. of 90 per cent acetic acid. After 2 minutes the reaction mixture was 
worked up in the usual manner. Crystallization from methanol gave 1.9 
gm. of a product which melted at 134-137°. Further recrystallization 
from methanol gave a product of constant melting point of 140—-142°; 
[a]? = +56.9° (10.2 mg. in 2 ce. of absolute alcohol). 


Analysis—C2;,H.O;. Caleulated, C 72.61, H 9.48; found, C 72.78, H 9.38 


Methyl 3(a)-Acetoxy-9(8),11(8)-oxidocholanate—Methyl 3(a)-acetoxy- 
A®!.cholenate, m.p. 133-135°, [a]?> = +62.9°, was prepared from 3-hy- 
droxy-A’:''-cholenic acid (1, 2). A solution of 280 mg. of this ester in 0.5 
ce. of chloroform was treated for 6 hours at room temperature with 1.2 ce. 
(1.2 nN) of perbenzoic acid in chloroform. On working up the product erys- 
tals were obtained which after two recrystallizations from dilute acetone 
gave 200 mg. of plates melting at 115,.5-117.5°; [a] = +50.1° (16.8 mg. 
in 2 ec. of absolute alcohol solution). 


Analysis—Cy;H,.0;. Calculated, C 72.61, H 9.48; found, C 72.55, H 9.64 
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A 350 mg. sample of methyl 3(a@)-acetoxy-A’:''-cholenate (m.p. 133- 
137°; [a]? = +69.4°) prepared by a method developed by Schwenk (pri- 
vate communication) was subjected to the same procedure. The yield 
of crystalline product was 225 mg., m.p. 116.5-118.5°; fa)2® = +53.1° 
(17.6 mg. in 2 ec. of absolute alcohol solution). 


Analysis—CH,yO;. Caleulated, C 72.61, H 9.48; found, C 72.76, H 9.70 


Several experiments were carried out with potassium permanganate as 
the oxidizing agent. In all cases a mixture of products was obtained which 
consisted of starting material and two isomeric oxides in varying amounts, 
depending on the conditions of the experiment, which could be separated 
by chromatographic fractionation. 

In one experiment 600 mg. of methyl 3(a)-acetoxy-A’:!'-cholenate were 
dissolved in 12 cc. of glacial acetic acid and treated in one portion with 
0.15 gm. of potassium permanganate in 12 ec. of 90 per cent acetic acid. 
After 20 minutes the reaction mixture was worked up in the usual manner. 
Crystals were obtained which melted unsharply at 123° and were obviously 
amixture. Yield, 0.310 gm.; [a] = +64.0° (17.5 mg. in 2 ec. of absolute 
aleohol solution). 


Analysis—CyH.O0;. Caleulated, C 72.61, H 9.48; found, C 74.15, H 9.95 


In another experiment 1.3 gm. of methyl 3(a)-acetoxy-A’: ''-cholenate 
were dissolved in 50 ce. of glacial acetic acid and treated at room tempera- 
ture with 0.40 gm. of potassium permanganate dissolved in 4 ce. of water 
and 36 ce. of glacial acetic acid. After 20 minutes bisulfite was added and 
the product worked up. Crystallization from ether gave 0.54 gm. of a 
material melting at 117—120°. A second crop of crystals (0.53 gm.) was 
obtained on concentration of the mother liquors. This material melted 
at 112-118°. Evaporation of the mother liquors gave 0.5 gm. of an oily 
residue. 

These three fractions were then dissolved in benzene and separately 
submitted to chromatographic analysis. Specially treated Merck’s 
alumina was used as the adsorbent and the eluent was a mixture of benzene 
(96 per cent) and ether (4 per cent) under a pressure head of 220 mm. of 
mercury. On developing the chromatogram Fraction I yielded 415 mg. 
of a crystalline product melting at 117-123° and 64 mg. of a compound 
melting unsharply at 141°. Several recrystallizations of the low melting 
fraction from methanol gave crystals which melted at 133—135° (identical 
with the starting material). Purification of the higher melting fraction 
led to a compound melting at 146° (see below). From Fraction II were 
obtained 169 mg. of a material melting at 106-112°, which on recrystalliza- 
tion gave crystals of the 8-oxide of melting point 116-118°. A small 
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amount of starting material (37 mg.) was also isolated from this fraction. 
On similar treatment Fraction III yielded 165 mg. of crude §-oxide 
(m.p. 106-110°), which on purification melted at 117°, and approximately 
200 mg. of an unidentified oil. 

Methyl 3(a)-Acetoxry-9(a) ,11(a)-oxidocholanate—In the experiment de- 
scribed above only small amounts of this isomeric oxide were obtained. 
We have observed that the isolation of this isomer from the reaction mix- 
ture is easier if the oxidation is carried out in the presence of more water. 
Thus, the addition at room temperature of a slight excess of a 5 per cent 
solution of potassium permanganate, dissolved in 50 per cent aqueous 
acetic acid, to 500 mg. of methyl 3(a)-acetoxy-A*: ''-cholenate gave a 
product which upon chromatographic analysis, as described above, and 
recrystallization from dilute acetone melted at 146-146.5°; [a]? = +109.1° 
(16.0 mg. in 2 ce. of absolute alcohol solution); yield, 85 mg. 

Treatment of 10 mg. of this product with chromic acid (3 mg. in 1 ce. of 
95 per cent acetic acid) for 12 hours gave back starting material which 
melted at 146°. Similar treatment of 39 mg. of the same material in 
chloroform with perbenzoic acid for 20 hours showed that it was also inert 
to the action of this reagent. Titration showed that no perbenzoic acid 
had been consumed and, on working up the product, 25 mg. of crystals 
were recovered which melted at 145° and were found to be identical with 
the starting material. 

A mixed melting point determination of a sample of this compound, 
m.p. 145°, [a]? = +109°, with methyl 3(a)-acetoxy-12-ketocholanate, 
m.p. 148-150°, [a}?? = +107.5°, was 136-142.° 


Analysis—C2;H.O;. Caleulated, C 72.61, H 9.48; found, C 72.37, H 9.90 


Action of Hydrogen Fluoride on Cholesteryl Benzoate a-Oxide—2 gm. of 
cholesteryl benzoate a-oxide of melting point 163-164°, prepared by the 
action of perbenzoic acid on cholesteryl benzoate, were added with imme- 
diate solution to 20 ec. of liquid hydrogen fluoride in a platinum crucible 
at —50°. An orange color developed and after 20 minutes the solution 
was poured into 600 ce. of ice water. On working up the product, no crys- 
talline material could be isolated. 

2 gm. of cholesteryl benzoate a-oxide were treated as described above 
except that the reaction time was only 5 minutes and the temperature was 
—80°. Crystallization of the product from acetone gave plates which 


- melted at 199-204°; yield, 0.4 gm. Two recrystallizations gave plates melt- 


ing at 204-205°; [a]* = —12.7° (18.8 mg. in 2 ce. of chloroform solution). 


Analysis—Cy,H;,0,;. Calculated, C 77.81, H 9.99; found, C 77.44, H 10.07 
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| gm. of cholesteryl benzoate a-oxide was added to a solution of 5 ee, 
of liquid hydrogen fluoride in 25 cc. of carbon tetrachloride at — 20°, 
After 5 minutes the product was worked up in the usual manner. Crystals 
were obtained which melted at 202—204°; yield, 0.3 gm. 

1 gm. of cholesteryl benzoate a-oxide was added to a solution of 3 ce. 
of liquid hydrogen fluoride in 25 cc. of acetic anhydride at —73°. Since 
there was no apparent change, the temperature was raised to +45°, and 
then the solution was poured into water. On working up the product, 
0.75 gm. of starting material was isolated. 

1 gm. of cholesteryl benzoate a-oxide was added to 7 cc. of liquid hydro- 
gen fluoride at —80°. After 5 minutes the solution was poured into 50 ce. 
of acetic anhydride at —50°. Crystals were obtained which melted at 
194-198°. Recrystallization from acetone and ethyl acetate gave plates 
which melted at 204-205°. 

0.5 gm. of cholesteryl benzoate a-oxide was added to 15 ce. of liquid 
hydrogen fluoride at —80°. After 3 minutes the solution was poured into 
a large volume of ether at —80°. A vigorous reaction took place, after 
which the solution was worked up. An oil was obtained which crystallized 
with difficulty. Four recrystallizations from acetone gave a crystalline 
material which melted at 190-195° and though not pure contained for the 
most part only the triol monobenzoate. 

Action of Hydrogen Fluoride on Cholesteryl Benzoate 8-Oxide-—A portion 
(0.9 gm.) of cholesteryl benzoate 8-oxide (m.p. 149-150°) was added to 
12 ce. of liquid hydrogen fluoride at —80°. After 5 minutes the solution 
was poured into water and worked up in the usual manner. Needles were 
obtained from acetone which after three recrystallizations melted at 186 
188°; [a]!® = +0.0° (17.8 mg. in 2 ec. of chloroform). 


Analysis—CyH;,02 Caleulated, C 77.81, H 9.99; found, C 77.51, H 10.03 


Action of Hydrogen Fluoride on Methyl 3(a)-Aceloxy-11(8) ,12(8)-oxido- 
cholanate. Preparation of Methyl 3(a)-Acetoxy-11 ,12-dihydroxycholanate— 
To 7 ee. of liquid hydrogen fluoride at —80° was added 0.3 gm. of methyl 
3(a)-acetoxy-11(8) ,12(8)-oxidocholanate. After 5 minutes the reaction 
mixture was poured into water and worked up in the usual manner. The 
crude crystalline product weighed 0.10 gm. and melted at 133-136°. Three 
crystallizations gave a compound of constant melting point, 146—147°; 
[a] = +59.4° (17.5 mg. in 2 ce. of absolute alcohol solution). 


Analysis—CeHyOs. Calculated, C 69.79, H 9.56; found, C 69.50, H 9.46 


When a mixed melting point determination was made of this compound 
with the starting material, a depression was observed. Saponification of | 
0.2 gm. of this product with 10 ce. of 2.5 per cent methanolic potassium 








‘ 
{ 


ce, 
0°. 
als 


ee. 
ice 
nd 
et, 


ro- 


at 
tes 


uid 
nto 
‘ter 
ze 
ine 
the 


ion 
to 
ion 
ere 
6) 


)do- 
le— 
hy! 
on 
The 
ree 


=o, 
17; 


und 
1 of 
jum 


HICKS, BERG, AND WALLIS 659 


hydroxide gave a non-crystalline oil. Treatment of this oil, however, with 
diazomethane gave a crude crystalline product of melting point 120—-129°. 
Five crystallizations from acetone and ether gave a compound melting 
at 134.5-135°; [a]! = +47.5° (16 mg. in 2 cc. of absolute alcohol solution). 

Action of Hydrogen Fluoride on Methyl 3(a)-Acetory-9(8) ,11(8)-oxido- 
cholanate—(a) To 7 cc. of liquid hydrogen fluoride cooled to —80° were 
added 190 mg. of methyl 3(a@)-acetoxy-9(8) ,11(8)-cholanate, m.p. 115.5- 
117.5°. After 30 seconds the solution was poured into water and worked 
up as usual. A non-crystalline oil was obtained. Yield, 148 mg. This 
material was dissolved in 10 cc. of benzene and adsorbed on a column of 
6 gm. of specially prepared Merck’s alumina. The chromatogram was 
developed under a pressure of 220 mm. of mercury, first by a mixed solvent 
of 70 and 30 per cent pentane followed by pure benzene, and finally by a 
mixed solution of benzene and diethyl ether in varying proportions. Two 
distinct fractions were obtained. Fraction I when crystallized from dilute 
acetone melted at 129-130°. Fraction IIT when crystallized from dilute 
acetone melted at 143-144°. 

(b) The above experiment was repeated with 200 mg. of methyl 3(a)- 
acetoxy-9(8) ,11(@)-oxidocholanate of melting point 116.5-118°. Solution 
was effected in 4 cc. of liquid hydrogen fluoride at — 80° and after 30 seconds 
the product was worked up in the usual manner. A non-crystalline product 
(165 mg.) was obtained which on chromatographic fractionation again 
gave two compounds of melting point 129-129.5° and 143-143.5° re- 
spectively. 

(c) The mother liquors from the crystallizations in experiments (a) and 
(b) were united, evaporated to dryness, and again submitted to chromato- 
graphic analysis. The non-crystalline material was dissolved in 15 ce. of 
benzene and 10 cc. of pentane and was placed on the column in the manner 
described above. 

On development of the chromatogram further amounts of Fractions I 
and II were obtained. The total yield of Fraction I obtained in the two 
experiments was 94 mg. A sample of the product which was submitted 
for analysis melted at 130-131°; fa}? = +43.0° (6.1 mg. in 0.50 ce. of 
dioxane solution). 


Analysis-—CozH oO, (a diene). Calculated, C 75.66, H 9.41; found, C 75.97, H 9.6 


The absorption spectrum showed a maximum at wave-length 244 my, with 
molecular extinction coefficient of « = 420. The low value for ¢ suggests 
that the double bond originally found in the 8,9 position had largely 
migrated to the 14,15 position. 

The total yield of Fraction II obtained in the two experiments was 
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227 mg. A sample of the pure product which was submitted for analysis 
melted at 143-144°; [a]? = —27.0° (5.9 mg. in 0.50 cc. of dioxane solution). 


Analysis—C2;H,O; (an unsaturated diol monoacetate methyl] ester) 
Calculated, C 72.61, H 9.48; found, C 72.41, H 9.56 


Action of Chromic Acid on Methyl 3(a)-Acetoxy-9-hydroxy-A''-cholenate 
10 mg. of methyl 3(a)-acetoxy-9-hydroxy-A''-cholenate were dissolved in 
0.5 ec. of acetic acid and treated with 2.5 mg. of chromic acid dissolved in 
1 cc. of 95 per cent acetic acid. The solution was allowed to stand for 12 
hours, and then worked up in the usual manner. The non-crystalline 
residue so obtained was dissolved in hot acetone from which, on standing, 
crystals of starting material were obtained of melting point 143-144°. It 
can, thus, be concluded that the nature of oxygen in Ring C is not that of a 
secondary hydroxy! group. 

Action of Perbenzoic Acid on Methyl 3(a)-Acetoxy-9-hydroxy-A''-cholenale 

8 mg. of the above material were dissolved in 2 ec. of chloroform solution 
of perbenzoic acid (1 Nn). After 6 hours standing at room temperature the 
reaction mixture was tested with potassium iodide solution. Titration 
showed no appreciable perbenzoic acid to be present. Thus the presence 
of a double bond in Ring C is indicated. 


We wish to take this opportunity to express our thanks to the Committee 
on Medical Research of the National Research Council for a grant-in-aid 
which helped make this work possible; also to the Allied Chemical and Dye 
Corporation for a fellowship for one of us. Finally we are indebted 
to Merck and Company, Inc., Rahway, New Jersey, for the microanalyses 
and absorption spectra published in this paper. 


SUMMARY 


Certain steroid oxides have been prepared and improved conditions for 
oxide formation have been investigated. 

The chemical properties of these cyclic oxides have been studied and the 
opening of the oxide ring with hydrogen fluoride has been effected. Both 
hydrolytic and rearrangement studies of the oxides of methyl 3(a)-acetoxy- 


A®:!-cholenate and methyl 3(a)-acetoxy-A''-cholenate have been carried . 


out and the nature of the products formed has been determined. 

A new isomeric form of ergosteryl acetate maleic anhydride has been 
prepared and the dioxide of dehydroergostery! acetate maleic anhydride 
has been characterized. 
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EXPERIMENTAL STUDIES IN THE STEROIDS. THE 
OXIDATION OF METHYL 3(a)-ACETOXY-11-KETO- 
12-BROMOCHOLANATE* 


By DAVID M. CLARK,t NORMAN G. BRINK,t ann EVERETT 8. WALLIS 


(From the Frick Chemical Laboratory, Princeton University, Princeton) 


(Received for publication, September 8, 1945) 


An important intermediate in the synthesis of Compound E (I) is a 
compound whose structure is that indicated in formula II. This latter 
compound (m.p. 162-163°) has already been prepared by Sarett (1) by 
step by step degradation methods. In this paper we wish to describe cer- 
tain oxidation experiments by means of which we have been able to remove 
the cholanic acid side chain in one operation. For this purpose’ methyl 
3(a)-acetoxy-11-keto-12-bromocholanate was prepared by the method of 
Reich and Reichstein (2) as modified by Sarett (1). 

In our hands this compound melted at 176-178°. When it was sub- 
mitted to oxidation by a method similar to that of Ruzicka and Gold- 
berg (3) and the products of the oxidation worked up in such a manner as 
to remove the neutral ketonic material free from bromine, there was iso- 
lated in small yields by chromatographic methods Compound II, m.p. 
158-160°. 


EXPERIMENTAL 


10 gm. of methyl 3(a)-acetoxy-11-keto-12-bromocholanate, m.p. 176- 
178°, were dissolved in 355 cc. of glacial acetic acid and to the solution, 
which was kept at 85-90°, there was added dropwise over a period of 
4 hours, with stirring, a solution of 14.4 gm. of chromic acid dissolved in 
14.4 cc. of water and 46.6 cc. of glacial acetic acid. After the addition was 
completed, the mixture was stirred for another 4 hours at a temperature 
of 85-90°. To the solution 45 ec. of methyl alcohol were then added and 
the contents were evaporated to a small volume (75 to 100 ec.) under 
diminished pressure. Water was then added and the material was ex- 

* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and Princeton University. 

t At present a lieutenant in the United States Naval Reserve. 

t Present address, Research Laboratories, Merck and Company, Inc., Rahway, 
New Jersey. 

' This particular compound was chosen because it was our belief that the intro- 
duction of bromine to the 12 position a to the ketone group would sufficiently stabilize 
Ring C so that during the course of oxidation the ring would not be ruptured. 
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tracted with ether. The ether layer was washed with a 10 per cent solution 
of potassium carbonate several times to remove acidic materials. It was 
then dried and the ether evaporated completely on a steam bath. A white 
crystalline residue was obtained (weight, 5.2 gm.). 

This residue was taken up in 200 cc. of acetic acid and debrominated in 
the usual manner with zine dust. After debromination was complete, the 
material was poured into water and extracted with ether. On working 
up the ether-soluble product, a pale yellow viscous oil (3.78 gm.) was 
obtained. 

Removal of non-ketonic neutral material was effected in the following 
manner. The pale yellow oil described above was taken up in 200 ec. of 
benzene and the solution evaporated to dryness. Methyl alcohol (14 ce.) 
was added and a white crystalline material separated. This was dissolved 
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under a reflux and to the solution were added 1.75 gm. of Girard’s Reagent 
T and 1.4 ce. of glacial acetic acid. The refluxing was continued for 1 hour. 
After cooling, 72 cc. of ice water were added, and, with shaking in an ice 
bath, 140 cc. of 0.135 Nn NaOH (ice-cold) were added in small portions. 
The contents (still acidic) were shaken for an additional 10 minutes and 
then extracted with ether. The ethereal solution was washed and worked 
up in the usual manner. Weight of the non-ketonic neutral fraction, 
3.51 gm. 

The aqueous solution from the above experiment was treated with 3.67 ce. 
of 6 N H,SQ,, calculated to bring the pH to 2.9 to 3.0. After about 45 
seconds it was extracted with ether and the ether layer worked up in the 
usual manner. A crude crystalline product (50 mg.), of melting point 
125-128°, was obtained (melting point of methyl 3(a)-acetoxy-11-keto- 
cholanate 130—132°). 
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To the aqueous portion after the removal of the product described above 
there was added enough ice-cold sulfuric acid to bring the acidity of the 
solution to approximately 0.75 N in H,SO,. After standing overnight at 
room temperature it was extracted with ether and the ether-soluble fraction 
worked up. To the oily residue so obtained there were added 75 ce. of 
water and the contents of the flask were submitted to steam distillation in 
order to remove volatile ketonic material. The non-volatile residue (197 
mg.) was taken up in 10 ce. of benzene, and the solution evaporated in order 
to free the material from traces of water. It was then reacetylated by 
treatment with 1.8 cc. of acetic anhydride and 2.0 ec. of pyridine at the 
temperature of the water bath. The reacetylated product was submitted 
to chromatographic analysis, and the chromatogram developed with a mix- 
ture of petroleum ether and diethyl ether. Two fractions were obtained. 
Fraction I was rechromatographed and then taken up in a small volume of 
ethyl acetate. Pentane was added and the solution was seeded with an 
authentic specimen of the 3(a)-acetoxy-11,17-diketone prepared by 
Sarett (1). Crystalline rosettes soon formed and after several days stand- 
ing were filtered and recrystallized. The product so obtained (10 mg.) 
melted at 158—160° and with an authentic specimen furnished us by Dr. 
Sarett gave no depression of melting point. 


SUMMARY 


The oxidation of methyl 3(a@)-acetoxy-11-keto-12-bromocholanate with 
chromic acid has been studied. Small yields of 3(a)-acetoxycholandione- 
11,17 have been isolated, m.p. 158-160°, identical with the product of 
melting point 159-160° prepared by Sarett by step by step degradation 
methods. 
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EXPERIMENTAL INVESTIGATIONS IN THE CHEMISTRY OF 
RING C IN DESOXYCHOLIC ACID* 


By NORMAN G. BRINKf anp EVERETT 8. WALLIS 


(From the Frick Chemical Laboratory, Princeton University, Princeton) 
(Received for publication, September 8, 1945) 


In 1938 it was reported by Marker and Lawson (1) that when 3(a)- 
acetoxy-12-ketocholanic acid is brominated at 70° and the resulting crude 
bromoketone refluxed with methanolic potassium hydroxide a compound 
melting at 196° is obtained in about 35 per cent yield. To this substance 
was assigned the structure 3(a),11-dihydroxy-12-ketocholanic acid (I). 
These authors also described the preparation of a ‘*3-monoacetate”’ (IT), 
of melting point 268°, in unspecified vield. By certain modifications of 
their method the same dihydroxvketocholanie acid has been prepared by 
Longwell and Wintersteiner (2). However, these latter workers have ad- 
vanced evidence that the ‘‘3-monoacetate” of Marker and Lawson actually 
is not II but is either a 3-acetoxy lactone or, more probably, a bimolecular 
anhydride diacetate. Longwell and Wintersteiner obtained the true mono- 
acetate on refluxing with 33 per cent acetic acid. Their product melted 
at 106°, and the analysis agreed with a hemihydrate of a dihydroxyketo- 
cholanic acid monoacetate. 

At the time the present investigation was begun, no method for the 
introduction of oxygen, either as a secondary hydroxy] group or as a ketone, 
into the C,, position of the steroid nucleus was known. The failure of vari- 
ous orthodox methods led us to an investigation of the possibility of pre- 
paring an 11-ketosteroid, namely 3(a)-hydroxy-11-ketocholanic acid (VII), 
by first opening Ring C to a Cy, Ci»-tricarboxylic acid (IID), transforming 
the carboxyl attached to Cj; to a —CH,-COOH group, and then closing 
Ring C with eventual formation of the desired 11-ketone. 

The proposed series of reactions, as originally envisioned by us, is repre- 
sented in structures I to VII. The starting material (I) was prepared 
according to Longwell and Wintersteiner (2). No particular difficulty was 
anticipated in opening Ring C by oxidation with chromic acid, since Reich- 
stein (3) had converted in this manner methy! 11-hydroxy-12-ketocholanate 
to the corresponding dibasic acid in excellent yield. Compound III pos- 

* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 


Development and Princeton University. 
t Present address, Research Laboratories, Merck and Company, Inc., Rahway, 
New Jersey; formerly Sayre Fellow, Dupont Fellow, and Procter Fellow, Princeton 


University. 
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sesses carboxyl groups attached to secondary, tertiary, and quaternary 
carbon atoms and it was hoped that the rates of esterification of these three 
carboxyls might be sufficiently different to effect the partial esterification 
leading to the monobasic acid (IV). For molecules of such complexity 
and sensitivity the only method of lengthening the carbon chain of the 
acid (7.e. conversion of IV to V) seriously to be considered is that involving 
the Wolff rearrangement. Once this has been accomplished, it would 
appear that the product could be converted to 3(a)-hydroxy-11-keto- 
cholanic acid (VII) either by a Dieckmann condensation via the inter- 
mediate (VI) or by pyrolytic ring closure of the dibasic acid from V. 

In our hands, however, the low yield (less than 20 per cent) obtained in 
the preparation of the necessary monoacetate of the dihydroxyketocholanic 
acid compelled us to turn our attention to other methods for the oxidative 
cleavage of the grouping in Ring C which would not affect the unprotected 
(;-hydroxyl group. It is interesting to note in this connection that recently 





O C,H.CO.CH, C,H,CO.H 
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Longwell and Wintersteiner (2) in their studies on the preparation of IT 
also obtained this compound in low yields. 

The Criegee oxidation of glycols (4) with lead tetraacetate in glacial 
acetic acid has recently been extended by Baer (5) to the cleavage of 
a-hydroxy ketones, the only significant change being that 90 per cent acetic 
acid is used as solvent. However, when applied to the methyl ester of the 
dihydroxyketocholanic acid (VIII), this technique gave us in only poor 
yield 3(@)-hydroxy-11) 12-cholane aldehyde 11-diacid-12 ,24 (TX), of melt- 
ing point 246-253°. 

In an effort to obtain IX in better yield, it was decided to study the 
periodic acid oxidation of 3(a@) ,11-dihydroxy-12-ketocholanie acid. The 
reaction was carried out in aqueous solution buffered with sodium bicar- 
bonate and containing a few per cent of ethyl alcohol. Because of its solu- 
bility the sodium salt was used. The oxidation, which was followed by 
titrating the unused periodate with arsenite, proceeded essentially to com 
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pletion when the solution stood overnight at room temperature. In our 
hands, the yield of the hydroxy aldehyde dibasic acid (IX) was 70 per cent, 
The analytically pure product melted at 248-254°. 


Acetylation and chromic acid oxidation of [X gave in 42 per cent yield | 


3(a)-acetoxy-11) 12-cholane triacid-11,12,24 (III), m.p. 229-232°. The 
aldehyde group, however, proved quite resistant to oxidation, 4 days at 45° 
being required to convert it into a carboxyl group. Saponification of this 
acetoxy tribasie acid gave a hydroxy tribasic acid of melting point 
249-253°. 

As has been previously indicated, it was expected that the carboxyl] group 
on Cj; in the tribasie acid, being attached to a quaternary carbon atom, 
would not be esterified in the acid-catalyzed reaction with methanol, 
whereas the carboxyl group attached to Cy might be esterified by this 
treatment. On reacetylation this would lead to the acid diester (IV). 
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Actually, we found that neither of the carboxyl groups of Ring C was 
esterifiable with methanol and acid. Only the monoester, 3(a)-acetoxy- 
11/|12-cholane diacid 11,12-methyl ester-24 (X), m.p. 208-209°, was ob- 
tained. On refluxing with thionyl chloride, this latter compound gave 
an anhydride (XI), m.p. 206°. 

Our inability to prepare the desired monoacid diester (IV) led us to a 
study of the aldehydic compound (IX). It has already been pointed out 
that the aldehyde group in this molecule is relatively unreactive. However, 
it seemed advisable to determine its behavior toward certain other reagents, 
as for example alkali, methyl alcohol and mineral acids, acetic anhydride, 
and diazomethane. 

It was found to be completely unreactive toward all these reagents. 
Thus, when treated with an excess of diazomethane, the hydroxy aldehyde 
diacid gave in excellent yield 3(a)-hydroxy-11)12-cholane aldehyde 11- 
dimethyl ester-12,24 (XII), m.p. 128.5-129.5°. This compound was easily 
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Ur | aeetylated to the acetoxy aldehyde dimethyl ester (XIII), m.p. 127-128". 
it. Op standing overnight in methanol containing 2 per cent of concentrated 

sulfuric acid, the hydroxy aldehyde diacid was converted to 3(a)-hydroxy- 
Id | 11|!12-cholane aldehyde 11-acid 12-methyl ester-24 (XIV), m.p. 148-149.5°; 
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under these conditions no dimethyl ester was formed. Acetylation of XIV 

gave 3(a)-acetoxy-11!/12-cholane aldehyde 11-acid 12-methyl ester-24 
| (XV), m.p. 168-171°. 

It was also observed that vigorous treatment with alkali failed to saponify 
the quaternary carbomethoxy group attached at Cy. Thus the reaction 
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of the dimethyl] ester (XII) with either potassium carbonate in dilute 
methanol at room temperature or with boiling methanolic potassium hy- 
droxide gave only 3(a)-hydroxy-11!|12-cholane aldehyde 11-methy] ester 
12-acid-24 (XV1), of melting point 168-170°. 

The C,,-aldehyde, however, did react in typical fashion with hydroxyl- 
amine to form an oxime, 3(a)-acetoxy-11//12-cholane aldoxine 11-dimethy! 
ester-12,24 (XVII), m.p. 148.5-149.5°. 

The reactions outlined above indicate that the acetoxy aldehyde acid 
ester (XV) would be a suitable starting point for a Wolff rearrangement 
leading to the desired homoacid or ester (XX) as indicated below, provided 
that the diazoketone (XIX) could be prepared. Compound XX could 
then be converted by chromic or peracetic acid oxidation of the aldehyde 
group to V or one of its suitable derivatives which would be amenable to 
ring closure, as previously indicated. 


H.CO.CH, 
CO.CH, Co CH, 
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For this purpose Compound XV was converted to the corresponding acid 
chloride (XVIII) by treatment with thionyl chloride. The reaction was 
found to be almost quantitative and the chloride so produced was easily 
obtained in crystalline form of melting point 137—-139°. When refluxed 
with methanol in the presence of a little mineral acid, it was converted to 
XII, the Cy-carboxyl group being esterified by this sequence of reactions. 
When a solution of the acid chloride, however, was added to cold ether 
containing an excess of diazomethane, no reaction took place. Nor could 
the formation of the diazoketone be effected by changing solvents or work- 
ing at higher temperatures. Apparently the reaction is completely pre- 
vented by the extreme steric hindrance of the quaternary acid chloride. 
This observation is in agreement with the findings of Litvan and Robin- 
son (6) who could not form a diazoketone from the sterically hindered 
camphoric acid a-methy!] ester 8-acid chloride. 

In an effort to find a method of preparation of sterically hindered diazo- 
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ketones of this type the above reaction was studied in pyridine. Since 
the formation of a diazoketone may well involve the attack of a positive 
RCO* ion on the diazomethane molecule, followed by loss of a proton, 
and since pyridine forms with many acid chlorides reactive salts of the 
type (RCOC;H;N)*CI-, we undertook to prepare such a complex between 
the organic base and the steroid acid chloride, hoping that this complex 
might be isolated and then caused to react rapidly with an excess of diazo- 
methane, forming the diazoketone. 

When the above acid chloride was heated for 5 days at 45° in carefully 
dried pyridine, removal of the solvent gave an oily yellow residue which 
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crystallized on addition of toluene. A small portion of this material, 
washed with ether by centrifuging and dried in a stream of air, melted 
unsharply at about 195° and gave a strongly positive Beilstein test. It was 
at first believed that this was the desired salt, (RCOC;H;N)+Cl-. Further 
study showed, however, that it was an equimolecular mixture of pyridine 
hydrochloride and a steroid derivative, designated as Compound A. 

This substance is neutral and is a fine white powder, melting at 199-201°. 
It contains neither nitrogen nor halogen. On the basis of its mode of 
formation, analysis, and molecular weight, together with certain other 
chemical properties described below, we believe this compound to have the 
structure XXT. 
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The analytical data eliminate any monomeric structures; that the mole- 
cule is a dimer is shown by its observed molecular weight of 948, as com- 
pared with the calculated value of 952. When Compound A was refluxed 
with absolute methanol containing 2 per cent of concentrated sulfuric acid, 
neutral and acid fractions of almost exactly equal molecular amounts were 
obtained. The neutral fraction was identified as XII. This result is con- 
sistent only with an acid anhydride structure. Final confirmation of struc- 
ture XXI was obtained by treating Compound A with hydroxylamine. 
The product, which melted at 181.5-183°, was found to be a dioxime. 
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EXPERIMENTAL! 


3(a)-Hydroxy-11 12-cholane Aldehyde 11-Diacid-12,24 (1X)—Exactly 
5.00 gm. of 3(a) , 1 1-dihydroxy-12-ketocholanic acid were dissolved in 35 ce. 
of hot ethyl aleohol and 51 ec. (10 per cent excess) of 0.24 N sodium hy- 
droxide were added. The solution was transferred to a 500 cc. volumetric 
flask and 4.6 gm. of sodium bicarbonate were added and dissolved. 

To a solution of 3.09 gm. (10 per cent excess) of periodic acid, HsIOs, 
in 125 ec. of water, was added slowly and with swirling a solution of 4.6 gm. 
of sodium bicarbonate in about 75 cc. of water. The resulting mixture was 
added slowly and with constant swirling to the material in the volumetric 


All rotations were 


1 All melting points recorded in this paper are uncorrected. 
taken in acetone, with a 1 dm. semimicro tube; ¢ = 0.8 to 1.3. 
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flask, and the whole was made up to 500 ce. with water. The solution was 
clear at this point. 

The course of the reaction was followed by withdrawing 1 cc. aliquot 
portions, adding a little sodium bicarbonate and a few crystals of potassium 
iodide, and titrating the liberated iodine with 0.01 N arsenite solution. 
After standing overnight at room temperature the reaction mixture was 
warmed to about 45° and maintained at that temperature until 97 per cent 
of the theoretical amount of H;1O. had reacted. 

The solution was diluted with 2 or 3 volumes of water, acidified to Congo 
red with hydrochloric acid, and extracted with about 1 liter of ether. The 
ethereal solution was washed with water until neutral, during which opera- 
tion a small amount of material crystallized out and was collected sepa- 
rately. The ether solution was drietl with sodium sulfate for 30 minutes, 
filtered, and concentrated to about 100 ce.; at this point most of the product 
had separated in crystalline form. The product was filtered and washed 
with dry ether. The yield of the first crop was 2.55 gm. of white crystals, 
m.p. 240-245°. Two additional crops were obtained by further concen- 
tration of the mother liquor. The total yield of product melting above 
240° was 3.63 gm. (70 per cent). A sample for analysis was crystallized 
from dilute ethyl alcohol and from acetone until it melted constantly at 
248-254°. [a]? = +67.2°. 


Analysis —CyuHys0¢. Calculated, C 68.21, H 9.06; found, C 68.39, H 9.28 


Methyl 3(a) , 11-dihydroxy-12-ketocholanate (0.25 gm.) was prepared by 
treatment of the corresponding acid with diazomethane. It was dissolved 
in 8 ec. of 90 per cent acetic acid and 0.25 gm. of freshly prepared lead 
tetraacetate was added. After 2} hours on the steam bath the mixture 
was cooled, and 0.13 ce. of concentrated sulfuric acid added; the precipi- 
tated solids were removed by centrifuging. The liquid was taken up in 
ether, washed with water, and the ethereal solution extracted with dilute 
sodium hydroxide. The alkaline extract was heated for 20 minutes on the 
steam bath to complete the saponification, then cooled, and acidified. The 
flocculent precipitate was filtered and dried. Yield 90 mg. of crystals, 
m.p. 230-237°. After one recrystallization from acetone the material 
melted at 246—253°. 


Neutralization Equivalent—CxyH;s0¢. Calculated, 211.5; found, 209 


3(a)-Acetoxy-11\12-cholane Triacid-11 , 12,24 (III1)—A portion (3.31 gm.) 
of 3(a)-hydroxy-11/'12-cholane aldehyde 11-diacid-12,24, m.p. 247—253°, 
dissolved in a mixture of equal volumes of pyridine and acetic anhydride, 
was heated on the steam bath for 40 minutes, after which the solvent was 
removed in vacuo. The residual oil was dissolved in 53 ec. of acetic acid 
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and to the cold solution were added 2.31 gm. of chromic acid in 13 ce. of 
water and 200 ec. of acetic acid. The mixture was placed in a thermostat 
at 45°. After 4 days the solution was cooled, alcohol added, and the solvent 
removed under reduced pressure. The residue was extracted with ether 
and washed with dilute sulfuric acid and with water. Concentration of the 
dried ethereal solution gave 1.08 gm. of a poorly crystalline product, m.p. 
229-232°. Recrystallizations from ether and from ethyl acetate failed to 
raise the melting point. On concentration of the mother liquor, an addi- 
tional 0.51 gm. of product of the same melting point was obtained. The 
total yield of material melting at 229-232° was 42 per cent. 


Neutralization Equivalent—C.yH Os. Calculated, 160.2; found, 164 


3(a)-Acetory-11,12-cholane Diacid 11 ,12-Methyl Ester-24 (X)—A solu- 
tion of 1.08 gm. of the acetoxy triacid, m.p. 229-232°, in 10 ec. of absolute 
methanol containing 0.1 cc. of concentrated sulfuric acid was allowed to 
stand overnight at room temperature. The solution was then poured into 
150 ec. of cold water and worked up in the usual manner. The resulting oil 
was acetylated with 2 cc. of acetic anhydride and 2 cc. of pyridine by heat- 
ing for 20 minutes on the steam bath. An oil was obtained which crys- 
tallized readily from dilute methanol to give clusters of needles, m.p. 
202-204°. Repeated recrystallizations from dilute methanol gave material 
which melted constantly at 208-209°. The total yield of crystals melting 
above 202° was 0.9 gm. (81 per cent). 


Analysis—C2;HyOs5. Calculated, C 65.56, H 8.56; found, C 65.65, H 8.49 


3(a)-Acetoxry-11 12-cholane Diacid Anhydride 11 ,12-Methyl Ester-24 (XI) 
—aA small amount (0.4 gm.) of the acetoxy diacid methyl ester, m.p. 202- 
204°, was refluxed for 15 minutes with 7 ec. of pure thionyl chloride. The 
latter was distilled, 2 cc. of toluene added, and the solution evaporated 
again to remove traces of thionyl chloride. The residue crystallized almost 
immediately. Recrystallization from absolute ether gave beautiful needles, 
m.p. 206-206.5°. The material was neutral and free of halogen. 


fal’ = +110°. 
Analysis—C2;HywO;7. Calculated, C 68.04, H 8.46; found, C 68.40, H 8.44 


3(a)-Hydroxy-11||12-cholane Aldehyde 11-Dimethyl Ester-12 ,24 (XII)— 
A solution of 0.50 gm. of 3(a)-hydroxy-11|!12-cholane aldehyde 11-diacid- 
12,24 in ether containing about 20 per cent of methanol was treated with a 
slight excess of diazomethane in dry ether. After 10 minutes at 25° the 
solvent was removed and the residue crystallized from ether-pentane. The 
yield was 0.45 gm. of material melting at 128-129°. After two reerys- 
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tallizations from ether-pentane the substance melted constantly at 128.5- 
129.5°. [a]\’ = +70.4°. 


Analysis —CxsHwOs. Calculated, C 69.30, H 9.40; found, C 69.59, H 9.41 


3(a)-Acetory-1112-cholane Aldehyde 11-Dimethyl Ester-12 ,24 (XIII)— 
Acetylation of 0.53 gm. of the hydroxy aldehyde dimethyl] ester with acetic 
anhydride and pyridine for 30 minutes at 95° gave a product which crys- 
tallized from dilute methanol in a yield of 0.35 gm. (60 per cent), m.p. 
125-126°. Reecrystallized once from dilute methanol and once from 
benzene-pentane, it exhibited a constant melting point of 127-128°. 
[a] = +94°. 

Analysis—C.2sHyO;. Calculated, C 68.26, H 9.00; found, C 68.36, H 8.89 


3(a)-Acetory-11  12-cholane Aldoxime 11-Dimethyl Ester-12 ,24 (XV II)— 
To 0.23 gm. of the acetoxy aldehyde dimethyl ester were added 0.25 gm. 
of finely powdered hydroxylamine hydrochloride and 5 ec. of pyridine. 
The material was dissolved by warming and the solution heated overnight 
on the steam bath. It was then poured into 50 ec. of water and the pre- 
cipitate extracted with ether. The ethereal solution was washed with 
water, 5 per cent hydrochloric acid, water, 5 per cent sodium carbonate 
solution, and water. The ether was removed and the remaining oil 
(0.20 gm.) dissolved in 5 ec. of methanol. Water was added and the solu- 
tion boiled until turbid. Very slow cooling gave crystals, m.p. 148-149° 
(0.12 gm.). One recrystallization from dilute methanol gave crystals 
which melted constantly at 148.5-149.5°. 

Analysis—C2sH,y,0;N. Calculated, C 66.24, H 8.94, N 2.76; found, C 66.53, H 9.06, 
N 2.77 

3(a)-Hydroxy-11\|12-cholane Aldehyde 11-Acid 12-Methyl Ester-24 (XIV) 
—A solution of 10.0 gm. of the hydroxy aldehyde diacid in 200 ec. of abso- 
lute methanol containing 1 cc. of concentrated sulfuric acid was allowed 
to stand overnight at room temperature. It was then poured into 2 liters 
of water, extracted with ether, and the ethereal solution washed thoroughly 
with water and dried over anhydrous magnesium sulfate. On removal of 
most of the solvent, 8.9 gm. (86 per cent) of the half ester, m.p. 144-147°, 
crystallized from the solution. Concentration of the mother liquor yielded 
an additional 0.2 gm. of somewhat less pure material. Recrystallization 
of the compound from ethyl acetate or absolute ether gave a product melt- 
ing at 148-149.5°.  [aj]}’ = +63.2°. 


Analysis—C2;HyoOs. Calculated, C 68.77, H 9.24; found, C 68.86, H 9.21 


3(a)-Acetory-11\,12-cholane Aldehyde 11-Acid 12-Methyl Ester-24 (XV)— 
Acetylation in the usual manner of 8.4 gm. of 3(@)-hydroxy-11/|/12-cholane 
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aldehyde 1 1-acid 12-methyl ester-24 led to 8.5 gm. (93 per cent) of the cor- 
responding acetate, m.p. 168-171°, from dilute methanol. [a], = +82°. 


Analysis—Cx;HwO;. Calculated, C 67.75, H 8.85; found, C 67.53, H 8.64 


Saponification of 3(a)-Hydroxy-11,12-cholane Aldehyde 11-Dimethyl 
Ester-12,24 (XII)—(a) A 0.8 gm. portion of the hydroxy aldehyde di- 
methyl ester was allowed to stand overnight at room temperature with a 
5 per cent solution of potassium carbonate in 50 per cent methanol. When 
the product was worked up, no neutral fraction was observed, but from the 
dried ethereal solution containing the acid fraction there was obtained a 
crystalline product, m.p. 157—159°. Several recrystallizations from abso- 
lute ether gave material melting at 168—170°. 

(b) When 0.10 gm. of the hydroxy aldehyde dimethyl] ester was refluxed 
overnight with 10 cc. of 2 N potassium hydroxide in 75 per cent methanol, 
the same product was isolated in 70 per cent yield. 

(c) About 0.15 gm. of the hydroxy aldehyde dimethyl] ester was saponified 
as in (b), but was worked up in such a manner as to isolate all the organic 
material in one fraction. This material was thoroughly dried, powdered, 


and made uniform. A 29.4 mg. sample required 4.62 cc. of 0.0140 N alkali, — 


corresponding to the neutralization value of a monobasic acid. 

The product of melting point 168-170°, therefore, was 3(a)-hydroxy- 
11) 12-cholane aldehyde 11-methyl ester 12-acid-24 (XV1). 

3(a)-Acetory-11||12-cholane Aldehyde 11-Acid Chloride 12-Methyl Ester-24 
(XVITI)—Exactly 2.00 gm. of 3(a@)-acetoxy-11!12-cholane aldehyde LI- 
acid 12-methyl ester-24 were dissolved in 10 cc. of pure thiony! chloride 
and allowed to stand for 30 minutes at room temperature, after which the 
solution was heated at 50° for 1 hour. The thionyl chloride was removed 
in vacuo, 5 ce. of toluene added, and the solution again evaporated at re- 
duced pressure. The oil was dissolved in 20 cc. of absolute ether under a 
reflux; on cooling, beautiful needles separated rapidly. These were filtered 
and washed with a mixture of ether and pentane. The first crop, 1.55 gm. 
(75 per cent), melted at 138-139°. When pentane was added to the mother 
liquor, an additional 0.4 gm., m.p. 137—139°, was obtained. Total yield, 
94 per cent. The melting point was not lowered by allowing the acid 
chloride to stand for several days in the open air. 


Analysis—C2;HgO,.Cl. Calculated, Cl 7.13; found, Cl 8.69 


Action of Methanol on Acid Chloride—A portion (0.10 gm.) of the above 
acid chloride was refluxed overnight with 10 ec. of absolute methanol. 
Then 0.5 ce. of concentrated sulfuric acid was added and the refluxing 
continued for 2 hours. The solution was poured into water, extracted with | 
ether, and the ethereal solution washed with water, 5 per cent potassium | 
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carbonate solution, and water. Removal of the ether and evaporation of 
the residue with benzene gave 0.06 gm. of neutral fraction. This was 
readily crystallized, by dissolving in ether and adding pentane, to yield 
3(a)-hydroxy-11 12-cholane aldehyde 11-dimethyl ester-12,24, m.p. 
129-130°. 

Action of Diazomethane on Acid Chloride—(a) A solution of 1.0 gm. of 
the acid chloride, m.p. 138-139°, in 10 ce. of toluene was added to a cold 
(0-5°) dried solution of diazomethane (prepared from 4 gm. of methyl- 
nitrosourea) in about 200 cc. of ether. After standing for 2 hours, the 
solvent was removed under reduced pressure to give an oil which soon 
crystallized completely. The material, recrystallized once from ether- 
pentane, melted at 138-139°, and a mixed melting point determination 
with starting material showed no depression. 

(b) To a dry solution of the diazomethane from 1 gm. of methylnitro- 
sourea in 100 ce. of ether was added 0.25 gm. (5.0 K 10-* mole) of the 
acid chloride dissolved in 20 ce. of absolute ether. The solution was re- 
fluxed for 24 hours. At the end of this time it was still light yellow in color 
and contained a small amount of polymeric material, presumably formed 
by the action of traces of water on the diazomethane. ‘The ether was re- 
moved and the residue refluxed for an hour with 20 ec. of a 10 per cent solu- 
tion of sodium hydroxide in 50 per cent methanol. Water was added and 
most of the liquid distilled to remove methanol. The remaining solution 
was cooled, an excess of nitric acid added, and the precipitated organic acid 
filtered. The filtrate was analyzed for chloride ion by the Volhard method. 
It contained 5.2 X 10~* mole of chloride. . 

(ec) A dried solution of the diazomethane from 1 gm. of methylnitrosourea 
in 40 cc. of ether was added to 150 cc. of pure anhydrous dioxane. Into 
this was poured a solution of 94.7 mg. (1.91 X 10-4 mole) of the acid chloride 
in 10 ce. of dioxane, and the solution (in a closed pressure flask) was left 
for 24 hours in a thermostat at 50°. After 12 hours the yellow color of 
diazomethane was still present, but it had disappeared at the end of 24 
hours. The material was worked up as in (b). The filtrate, after treat- 
ment with alkali, acidification, and removal of insoluble organic material, 
contained 1.74 X 10-4 mole of chloride ion, corresponding to a loss of 9 
per cent of the original chlorine. This small loss of chlorine may be ex- 
plained by evolution of hydrogen chloride formed on hydrolysis of the acid 
chloride by traces of water which must inevitably have been present. 

Action of Pyridine on Acid Chloride. Preparation of Compound A— 
A portion of the acid ¢hloride (2.3 gm.) was dissolved in 50 cc. of pyridine 
which had been distilled over potassium hydroxide. After 5 days at 45°, 
the solvent was removed, leaving a yellow, oily residue. Crystallization 
oeeurred on addition of toluene. The toluene was removed in vacuo. 
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Treatment with either dioxane or ether left an insoluble residue. A small 
fraction was removed, washed three times with ether by centrifuging, and 
dried in a stream of air. The product, a yellow powder, melted unsharply 
at 195°. It gave a strong Beilstein test. 

The bulk of the material was triturated with 60 cc. of anhydrous ether, 
filtered, washed with ether, and dried in a vacuum desiccator over concen- 
trated sulfuric acid. The yield was 1.5 gm. of a pinkish colored powder. 
Concentration of the filtrate gave 0.3 gm. of white crystals, m.p. 192-197°, 
and a negative Beilstein test. After two recrystallizations from methanol 
this product, Compound A, melted at 199-201°. [a]; = +123°. 

When 0.8 gm. of the powder, m.p. 195°, was added in several portions 
to a cold (10°) ethereal solution of the diazomethane from 5 gm. of methyl- 
nitrosourea, vigorous gas evolution was observed after each addition, and 
a white material appeared immediately at the bottom of the flask. After 
standing overnight in the ice box, the solid material was filtered and washed 
with absolute ether. The crude product melted at 192-197°. After 
several recrystallizations from methanol and from benzene-pentane it 
melted at 200-201°. [a]i’ = +122°. 

When 50 mg. of the same pinkish colored powder were refluxed for 20 
minutes in 50 cc. of absolute ether, a small light colored residue remained 
undissolved. This was filtered off and identified as pyridine hydrochloride 
by its ready solubility in water to give a solution containing chloride ion. 
The ethereal filtrate on concentration to a small volume yielded crystals 
melting at 189-196°; recrystallized from methanol, the material melted 
at 195-199°. A mixed melting point determination with Compound A 
gave a value of 199-201°. 

Determination of Structure of Compound A. Properties——M.p. 199-201°; 
fine white powder; [a]\) = +122°. Sparingly soluble in ether, soluble 
in benzene, acetone, hot methanol. Chromatographically homogeneous; 
eluted from alumina by 99 per cent ether-1 per cent acetone. Neutral. 
The material generally decomposed during the course of cryoscopic molee- 
ular weight determinations in camphor, but one apparently satisfactory 
determination gave a value of 948. Sufficient material was not available 
to permit an accurate cryoscopic determination in benzene. 

Analytical—The compound does not contain nitrogen or halogen. 


Cse¢Hg20;3 (XXII. Calculated, C 69.05, H 8.80; found, C 69.27, H 8.58 


Acetylation—100 mg. of Compound A were treated with acetic anhydride 
and pyridine in the usual manner. When it was werked up, unchanged 
starting material was recovered almost quantitatively. 

Treatment with Absolute Methanol Containing 2 Per Cent Sulfuric Acid— 
Exactly 73 mg. of Compound A were refluxed for 2 hours with 10 ce. of 
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absolute methanol containing 0.1 ec. of concentrated sulfuric acid. The 
solution was cooled, poured into 100 cc. of water, and extracted with ether. 
Washing with dilute carbonate gave an acid fraction, which weighed 38 mg. 
The neutral fraction, in ether, was dried and concentrated to about 3 cec., 
and | cc. of pentane was added. Long needles separated immediately, 
m.p. 129-131°. After one recrystallization from ether-pentane the mate- 
rial melted at 130.5-131° and showed no depression of the melting point 
when mixed with an authentic sample of 3(a)-hydroxy-11//12-cholane 
aldehyde 11-dimethyl ester-12,24 (XII). 

Treatment with Hydroxylamine—To a solution of 106 mg. of Compound 
Ain 7 ec. of boiling methanol was added a solution of 0.1 gm. of hydroxyl- 
amine and 0.1 gm. of sodium acetate in 3 cc. of water. After refluxing 
overnight, the reaction mixture was worked up as usual to yield a 33 mg. 
acid fraction and an 80 mg. neutral fraction. The acid fraction was not 
esterified by refluxing for 2 hours with absolute methanol containing 2 per 
cent goncentrated sulfuric acid, indicating that the quaternary Ring C 
carboxyl group was present. The 80 mg. of neutral fraction on being 
chromatographed over alumina gave 54 mg. of a material which readily 
crystallized from benzene-pentane, m.p. 181.5-183°. 


Analysis—CsHs,0i;sN2 (dioxime of XXII). Calculated. C 66.91, H 8.74, N 2.89 
Found. ‘* 66.78, ‘* 8.76, “ 3.17 


We wish to take this opportunity to express our thanks to the Com- 
mittee on Medical Research of the National Research Council for a grant- 
in-aid which made possible the completion of part of this work. Also we 
wish to thank Merck and Company, Inc., Rahway, New Jersey, for the 
microanalyses and molecular weight determinations reported in this paper. 


SUMMARY 


Two methods are described for opening Ring C in desoxycholic acid 
without affecting the unprotected hydroxy! group in Ring A. The product 
is 3(a)-hydroxy-11/||12-cholane aldehyde 11-diacid-12,24, m.p. 248-254°. 

Various derivatives of the resulting compound have been prepared and 
characterized. They are 3(a@)-acetoxy-11)12-cholane aldehyde triacid- 
11,12,24, m.p. 247-253°; 3(a)-acetoxy-11)|12-cholane diacid 11, 12-methy] 
ester-24, m.p. 208-209°; 3(a)-acetoxy-11/|12-cholane diacid anhydride 
11,12-methyl ester-24, m.p. 206-206.5°; 3(a@)-hydroxy-11/||12-cholane 
aldehyde 11-dimethyl ester-12,24, m.p. 128.5-129.5°; 3(a)-acetoxy-11/|12- 
cholane aldehyde 11-dimethyl ester-12,24, m.p. 127—128°; 3(a)-acetoxy- 
11{|12-cholane aldoxime 11-dimethyl ester-12,24, m.p. 148.5-149.5°; 3(a)- 
hydroxy-11{!12-cholane aldehyde 11l-acid 12-methyl ester-24, m.p. 148- 
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149.5°; 3(a)-acetoxy-11) 12-cholane aldehyde 11l-acid 12-methyl ester-24, 
m.p. 168-171°; 3(@)-hydroxy-11) 12-cholane aldehyde 11-methy] ester 12- 
acid-24, m.p. 168-170°; and 3(a@)-acetoxy-11 12-cholane aldehyde 11-acid 
chloride 12-methy] ester-24, m.p. 138-—-139°. 

It has been shown that a compound with an acid chloride group at- 
tached to the quaternary C);-carbon atom in the steroid nucleus will not 
react with diazomethane under the conditions employed. 
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EXPERIMENTAL STUDIES IN THE STEROIDS. A NOVEL 
METHOD FOR THE PREPARATION OF STEROL 
DICHLORIDES* 


By CARL JOHN BERGt ann EVERETT 8S. WALLIS 


(From the Frick Chemical Laboratory, Princeton University, Princeton) 
(Received for publication, September 8, 1945) 


As is well known, the sterols are monohydric polycyclic secondary 
alcohols, many of which are unsaturated at the 5,6 position. The various 
sterols differ in the number of double bonds and in the structure of the 
side chain. 





One of the more important reactions in sterol chemistry is the temporary 
inactivation of the double bond in the 5,6 position. Permanent inactiva- 
tion is generally brought about by hydrogenation (1). Temporary in- 
activation has been effected by the addition of bromine (2) or by conversion 
to the i-ethers ((3), cf. (4)). In the case of free bromine, the reaction is very 
rapid and the yield of dibromide is generally good. That this is a tempo- 
rary protection of the double bond is shown by the fact that zine and 
acetic acid will remove the bromine atoms. 

With free chlorine the results of the reaction are very different. Most 
of the product is oily and chlorine is apt to enter into many places in the 
sterol molecule. The desired crystalline dichloride is hard to obtain and 
the yield is very poor. It should be noted, however, that in many cases 
the dichloride would be preferable for synthetic work, since it is relatively 
more stable. It is our purpose in this paper to discuss the results of experi- 


* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and De- 
velopment and Princeton University. 

t Present address, Research Laboratories, Merck and Company, Inc., Rahway, 
New Jersey. 
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ments designed to make more readily available in better yields these dj- 
chlorides of the sterols. 

In 1938 it was first shown by Wallis and Mead' that iodobenzene 
dichloride could be successfully used temporarily to protect the double bond 
in cholesterol by the addition of chlorine. The cholesterol dichloride go 
obtained was very easily prepared in excellent yield. We have con- 
tinued the study of this reaction because its practicality was apparent from 
the first experiments. Our results show that under a variety of conditions 
the reaction can be carried out with no difficulties and that excellent yields 
of desired products can be obtained. Unlike the reaction with free bromine 
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or free chlorine, this method of addition of chlorine to the double bond 
produces two isomeric dichlorides. Theoretically, of course, the possi- 
bility of four different isomeric dichlorides exists. However, until this 
reaction was studied, only one of the possible isomers had been obtained. 

It is of interest to note that the isomeric dichlorides obtained by this 
method differ greatly in their physical properties, such as melting point, 
solubility, specific rotation, ete. In this paper there are described the 
results of our experiments on the action of iodobenzene dichloride on cho- 


! The experimental details of this reaction are taken from a senior thesis sub- 
mitted by J. F. Mead in partial fulfilment of the requirements for the degree of 
Bachelor of Arts, Princeton University, 1938. 
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lesteryl benzoate (II), cholesteryl p-toluenesulfonate (III), 8-sitosteryl 
benzoate (IV), and stigmasteryl benzoate (V). In each case two isomeric 
dichlorides were obtained. With cholesteryl benzoate, the dichloride 
of lower melting point was shown to be identical with the benzoate dichlo- 
ride prepared from the cholesterol dichloride of Mauthner and Suida (5). 
In our studies on stigmasteryl benzoate, only 1 mole of iodobenzene di- 
chloride was used, and no difficulties were observed in the selective chlorina- 
tion of the double bond in the 5,6 position. In Table I are listed the 
melting points and rotations of the various dichlorides which we have 
prepared by this method. 

We should now like to point out that certain fundamental differences 
in the chemical properties of these isomeric dichlorides have been observed. 
For example, when the above benzoate dichlorides were subjected to hydrol- 
ysis by refluxing with alcoholic potassium hydroxide, the isomer of lower 














TaBLe I 
Starting material Melting point of dichlorides | Specific rotation 
> Alia ; } . = °C. a om aie 
Cholesteryl benzoate ; 251 +13.4 
120 —20.2 
ws p-toluenesulfonate 191 —6.1 
| 85 —39.0 
8-Sitosteryl benzoate 222 . +14.6 
131.5 —17.1 
Stigmasteryl ‘ 235 —13.0 


145 — 33.8 


melting point always gave in good yields the corresponding sterol dichloride. 
The higher melting isomer, however, in each case gave one of a new series 
of compounds, which were found to be monochloro derivatives. Cho- 
lesteryl benzoate dichloride, m.p. 251°, yields 6-chlorocholesterol, m.p. 
152°. Its corresponding acetate melts at 130°, and its benzoate melts 
at 205°. 
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Certain other interesting properties of these compounds should be noted, 
When a pair of these benzoate dichlorides is refluxed with zinc and acetic 
acid, both isomers give the sterol benzoate. This fact was checked many 
times by melting point, mixed melting point, and saponification to the 
sterol. 

The tosylates of the dichlorides have been found to be peculiarly resistant 
to hydrolysis, it being impossible to convert either isomer to its correspond- 
ing sterol dichloride by the usual hydrolytic reagents. 

In the description of our results outlined above, it has been noted that 
when the high melting isomer of cholesterol benzoate dichloride is hydro- 
lyzed 6-chlorocholesterol is obtained. It is possible to formulate the 
structure of this compound in two ways. The high negative rotation of 
our 6-chloro compound suggests strongly that the double bond is in the 
5,6 position (6). Further evidence of this is offered by a comparison with 
. the physical properties of 6-iodocholesterol prepared by Levin and Spiel- 
man (7) using a totally different method (see Table II). 
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Scheme A 


In this connection it is of interest to note that Spring and Swain (8) have 
reported the preparation of the benzoate of compound VII. We would 

| like to point out that a study of the physical and chemical properties of 
their compound, reported by them in a later paper (9), leads us to doubt 
the correctness of their formulation. For instance, their compound has a 
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high negative rotation, [aj, = —79°. The melting point recorded by them 
is 127°, differentiating it sharply from our 6-chlorocholesteryl benzoate. 
It seems to us that the principal doubt on the structure assigned by them 
derives from the fact that dehalogenation of their compound with anhydrous 
potassium acetate in absolute alcohol leads to the formation of a compound 
of known structure, A-cholestenediol-3 ,4-benzoate-4 (A). Although an ex- 
planation (Scheme A) for this peculiar reaction is offered by Rosenheim 
(10), we are of the opinion that the structure of the compound prepared 
by Spring and Swain most probably has the formula shown in B and that 
it is formed according to the sequence of reactions presented in Scheme B. 


O 
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EXPERIMENTAL 


Cholesterol Dichloride'—To 2.45 gm. of carefully dried cholesterol in a 
solution of dry chloroform were added 1.93 gm. of iodobenzene dichloride 
prepared according to the method of Willgerodt (11). The mixture was 
refluxed for about half an hour after the disappearance of the crystals of 
iodobenzene dichloride. The chloroform was then distilled in vacuo, and 
the residue recrystallized several times from ethyl alcohol. The yield of 
cholesterol dichloride, m.p. 132-135°, was 2.35 gm. (81 per cent). 

8-Sitosteryl Benzoate Dichloride—To 2 gm. of 8-sitosteryl benzoate dis- 
solved in 50 cc. of chloroform were added 1.8 gm. of iodobenzene dichloride. 
The mixture was kept at 40° for half an hour. The temperature was 
then raised to the boiling point of chloroform and all the latter was removed 
on the water bath. The product was taken up in warm ethy] alcohol. 
Crystals appeared almost at once. They were filtered. Yield of crude 
material, 0.95 gm., m.p. 199-201°. After three recrystallizations from 4 
mixture of benzene and alcohol, long, filamentous crystals were obtained 
which melted at 220-222°; [a],) = +14.6° (20 mg. in 2 ce. of dry chloro- 
form; length of tube, 1 dm.). 
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Analysis—CyH;,0-Cly. Calculated. C 73.36, H 9.18, Cl 11.96 
Found. “72.94, “ 0.97, “ 12.8 | 


The filtrate from the first crude crystalline material was diluted with 





water and placed in the ice box. A crystalline product (0.60 gm.) was b 
obtained, m.p. 120-125°. Four recrystallizations of this material from g D 
mixture of acetone and methanol gave a product which melted at 139- el 
131.5°; [a], = —17.1° (1 dm. tube; 20 mg. in 2 ce. of chloroform solution), in 

Analysis—CgH,,OCl,. Calculated. C 73.36, H 9.18, Cl 11.96 0 

Found. 73.33, ‘* 9.15, “ 12.19 a 
on , at , : , Ez 

The higher melting isomer is soluble in benzene and chloroform, butis 
not appreciably soluble in most other solvents. The lower melting isomer | so 
is soluble in benzene, chloroform, ethyl acetate, and acetone. It is ine | m 
soluble in methyl! and ethyl alcohols. | = 

On dehalogenation with zine and acetic acid for 6 hours, both isomers 24 
give 8-sitosteryl benzoate, m.p. 146°. The product so obtained gives no 25 
depression of the melting point with the starting material. The dehalo- 
genated product from the lower melting isomer on saponification gaye 
pure 8-sitosterol, m.p. 136°. 

Cholesteryl p-Toluenesulfonate Dichloride—To 2.6 gm. of cholesteryl 
p-toluenesulfonate dissolved in 50 ec. of chloroform were added 1.4 gm. A 
of iodobenzene dichloride. The suspension was allowed to stand for 1 hour cry 
at 20°. It was then warmed to 45° until the iodobenzene dichloride erystals 1} 
dissolved. The solution was refluxed for 1 minute. It was then allowed pr 
to cool and the chloroform was evaporated at room temperature. The ch 
residue was taken up in pentane and crystallized. Yield of crude produet, 

1.3 gm. When the filtrate was cooled in the ice box at 0°, an additional 

0.5 gm. of product was obtained. When recrystallized from benzene and 

petroleum ether followed by recrystallization from acetone-alcohol, the 

product melted at 190-191°; [a],, = —6.1° (20 mg. in 2 cc. of chloroform | wit 

solution; 1 dm. tube). | 1 
ee . : a ee eee | shig 

Analysis—CyH,,0;5C1 Caleulated. © 66.76, IL 8.57, Cl 11.59 ma 

Found. ** 66.69, “ S.60, ** 1LS6 
sol 

The original filtrate from the pentane crystallization gave an oil on | eth 
evaporation. This was triturated with methyl aleohol to remove iodo | mg 
benzene.” The methyl alcohol was then removed by water. Weight of | 6 
dried product, 1.0 gm. This material was dissolved in acetone and erystal- r 
lized from a mixture of acetone and alcohol. A second reerystallization | 
gave a crystalline product, m.p. 84-85°; [a];’ = —39° (20 mg. in 2 ec. 


of chloroform solution; 1 dm. tube). 
for 
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Analysis—CaH5,0;8Cl,. Caleulated. C 66.76, H 8.57, Cl 11.59 
Found. “ 66.79, “ 8.66, “ 11.31 


The high melting isomer, m.p. 190-191°, was taken up in acetone and 
boiled with dilute hydrochloric acid for 1 hour in an effort to remove the 
p-toluenesulfonate group. The product was recovered, however, un- 
changed. Portions of both isomers were treated with potassium hydroxide 
in alcohol with no apparent hydrolysis taking place. Similar results were 
obtained with the high melting isomer when concentrated hydrochloric 
acid in dioxene was used, and when sodium methylate in benzene solution 
was employed as the hydrolytic agent. 

Cholesteryl Benzoate Dichloride—To 5 gm. of cholesteryl benzoate dis- 
solved in chloroform were added 2.9 gm. of iodobenzene dichloride. The 
mixture so obtained was treated in the manner described above, and on 
removal of the chloroform a crystalline product was obtained, m.p. 244— 
247°. Reerystallization from ethyl alcohol gave crystals melting at 250— 
251°; [a] = +13.4° (20 mg. in 2 ce. of chloroform solution; 1 dm. tube). 


Analysis—CyH,o02Cl.. Caleulated. C 72.11, H 9.17, Cl 12.90 
Found. “ 72.96, “ 9.07, “ 12.63 
The mother liquors were evaporated and taken up in methyl alcohol. 
A small amount of water was added and the mixture was set aside for 
crystallization. Crystals were obtained which melted unsharply at about 
110°. When recrystallized from ethyl acetate-methanol solution, the 
product melted at 117—120°, and had [a]? = —20.2° (20 mg. in 2 ce. of 
chloroform solution; 1 dm. tube). 


Analysis—C3,H590-Cls. Caleulated. C 72 
Found. “ 72 


Al, H 9.17, Cl 12.90 
70, ** 9.18, ** 12.43 


The high melting isomer, m.p. 250-251°, was treated on the water bath 
with an excess of potassium hydroxide dissolved in ethyl alcohol. After 
15 minutes the solid had gone into solution and the mixture began to turn 
slightly yellow. The reaction mixture was worked up at this point. The 
material was poured into water and extracted with ether. From the ether 
solution a crystalline residue was obtained. Recrystallization from 
ethyl alcohol gave a product of melting point 150-152°, [a] = —63° (20 
mg. in 2 ce. of chloroform solution; 1 dm. tube), which we believe to be 
6-chlorocholesterol. 


Analysis—C.,HyOCL. Caleulated. C 77.00, H 10.77, Cl 8.43 
Found. “Ra. ma “te 


A portion of this material, 0.5 gm., when treated with acetic anhydride 
for 1 hour and worked up in the usual manner, gave a crystalline acetate, 
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m.p. 128-130°; [a]?? = —41.2° (20 mg. in 2 ce. of chloroform solution; | 
dm. tube). 


Analysis—CeH,;0.Cl. Calculated, C 75.19, H 10.23; found, C 75.24, H 10.37 


Another portion of 6-chlorocholesterol when treated with benzoy] chlo- 
ride in pyridine gave a benzoate melting at 205°; [a]?? = —20.4° (20 mg. in 
2 ce. of chloroform solution; 1 dm. tube). 

Stigmasteryl Benzoate Dichloride—To 0.95 gm. of stigmastery! benzoate 
dissolved in 35 ec. of chloroform was added 0.50 gm. of iodobenzene di- 
chloride. When the reaction was carried out in a manner similar to that 
described above, a residue was obtained which on crystallization from 
benzene and ethyl alcohol gave 0.3 gm. of fluffy crystals, m.p. 221-224°, 
Recrystallization gave a product, m.p. 234-235°; [a],’ = —13.0° (20 mg. 
in 2 cc. of chloroform solution; 1 dm. tube). 


Analysis—CygHs,.02-Cle. Calculated. C 73.57, H 8.92, Cl 12.06 
Found. ** 73.41, ** 8.99, “* 12.04 


The mother liquors obtained from the first crystallization gave a fluffy 
precipitate, which was filtered. The residual solution was evaporated 
to dryness and the oily residue was taken up in acetone. On addition of a 
drop of water and a small amount of methyl alcohol small needles separated 
from the cold solution, m.p. 130-143°; weight of the crude product, 0.15 
gm. Further treatment of the mother liquors with a small amount of water 
and methyl alcohol gave additional crystals, m.p. 132-140°. These two 
fractions were united and recrystallized from acetone-methy] alcohol. 
Yield of crystalline product,0.15 gm., m.p. 137-145". When recrystallized, 
the material melted at 144-145°; [a]}, = —33.8° (20 mg. in 2 ce. of chloro- 
form solution; 1 dm. tube). 


Analysis—CygHs202Cl». Calculated. C 73.57, H 8.92, Cl 12.06 
Found. ” a, wom,” Hr 


We wish to take this opportunity to express our thanks to Merck and 
Company, Ine., of Rahway, New Jersey, for the microanalyses reported 
in the description of the experimental results, also to Trinity College, Hart- 
ford, Connecticut, for the H. E. Russell Fellowship held by the one of us at 
Princeton University during the course of this work, and to the Rockefeller 
Foundation for a grant-in-aid which helped to make this work possible. 


SUMMARY 


A novel method for the preparation of sterol ester dichlorides involving 
the use of iodobenzene dichloride as a halogenating agent has been de- 
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scribed. Each sterol ester used gives two isomeric dichloro compounds, 
differing in physical and chemical properties. The following pairs of 
dichloro compounds were made: cholesteryl benzoate dichlorides of melting 
points 120° and 251°, cholesteryl p-toluenesulfonate dichlorides of melting 
points 85° and 192°, 8-sitosteryl benzoate dichlorides of melting points 
130.5° and 222°, and stigmasteryl benzoate dichlorides of melting points 
145° and 235°. 

The preparation of 6-chlorocholesterol from the cholesteryl benzoate 
dichloride of melting point 251° is described. It has a melting point of 
152°. Its acetate has a melting point of 130°, and its benzoate 205°. * 


BIBLIOGRAPHY 


. Willstatter, R., Ber. chem. Ges., 41, 2199 (1908). 

. Reinitzer, F., Monatsh. Chem., 9, 421 (1888). 

Wallis, E.S., Fernholz, E., and Gephart, F. T., J. Am. Chem. Soc., 59, 137 (1937). 
. Fernholz, E., and Ruigh, W. L., J. Am. Chem. Soc., 62, 3346 (1940). 

Mauthner, J., and Suida, W., Monatsh. Chem., 15, 85 (1894). 

Bernstein, S., Kauzmann, W. J., and Wallis, E. S., J. Org. Chem., 6, 3119 (1941). 
. Levin, R. H., and Spielman, M. A., J. Am. Chem. Soc., 62, 920 (1940). 

. Spring, F. 8., and Swain, G., J. Chem. Soc., 1356 (1939). 

. Spring, F. 8., and Swain, G., J. Chem. Soc., 83, 320 (1941). 

. Rosenheim, O., Nature, 147, 776 (1941). 

. Willgerodt, C., J. prakt. Chem., 33, 154 (1886). 


Noo fF Whe 


— — 
—OoS © @ 























THE BROMINE DEGRADATION OF THE SILVER SALTS OF BILE 
ACIDS AND RELATED COMPOUNDS* 


By NORMAN G. BRINK,*t DAVID M. CLARK,{t ann EVERETT 8. WALLIS 


(From the Frick Chemical Laboratory, Princeton University, Princeton) 
(Received for publication, September 8, 1945) 


The reaction of bromine with the silver salt of a carboxylic acid to yield 
an alkyl bromide containing 1 less carbon atom 


RCOAg + Br: > R-Br + CO, + AgBr 


has recently been studied by Hunsdiecker and Hunsdiecker (1).!_ In the 
present paper are reported the results obtained by application of this reac- 
tion to some bile acids and related compounds. 


CH, CH, 
CH—CH,—CH.—C0,Ag CH—CH,—-CH.—-Br 
WA NA 
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_ fe: 
CH, CH; 
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CH—CH=CH, .  CH—CO.H 
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At the beginning of this work we had three principal objectives in mind. 
First, we wished to study the possibility of developing a method of degrad- 
ing the bile acid side chain 2 carbon atoms at atime. Such a method would 
involve conversion of the silver salt of a bile acid to a norcholany] bromide, 
dehydrobromination to a A®-norcholene, followed by ozonolysis leading 
to a bisnorcholanie acid. Secondly, we desired to use the alkyl bromides 


* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and Princeton University. 

t Present address, Research Laboratories, Merck and Company, Inc., Rahway, 
New Jersey. 

t At present a lieutenant in the United States Naval Reserve. 

1 In this article (1) will be found reference to the earlier literature on the reaction. 
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produced in this way as intermediates in the preparation of steroids con. | 
taining a simple secondary alkyl group at Cy;. Such molecules might well 
be better suited for Ruzicka type oxidations (cf. (2)) for the removal of 
the side chain than the carboxylic acids, esters, diphenylethylene, or di. 
phenylethane derivatives which have been studied. Finally, we were 


CH; 
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HC— CH.—CH:—CO.—Ag | 
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OAc OAc 
(T) CH—CH.—-CH,—Br 


+ CO, + AgBr 
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CH; CH 
OAc OAc 
CH—CH,CO,Ag CH—CH,—Br 


NUNN NAS | 
l ~.. + CO, + AgBr 

/\/™ 7 i 1 te ( 
OAc OAc 
(111) (IV) 
l 
particularly interested in preparing derivatives of the isomeric 20-bromo- 
pregnanes, since these, on dehydrobromination, would be expected to give , 
A'?.2° - or A?°2t ~ pregnenes, or both. The former on ozonolysis should ‘ 
yield an etiocholanone-17, and the latter an etiocholanecarboxylic acid. ; 
Both types of compounds are of importance as intermediates in the syh- |, 


thesis of the adrenal hormones. , 
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Silver 3(a),12(8)-diacetoxycholanate (1) was prepared in essentially 
quantitative yield by treating a solution of the sodium salt of desoxycholic 
acid diacetate in dilute alcohol with an excess of aqueous silver nitrate 
solution. Upon addition of 1.06 moles of bromine to a suspension of the 
thoroughly dried silver salt in boiling carbon tetrachloride, vigorous carbon 
dioxide evolution was observed, and silver bromide appeared. When the 
reaction mixture was worked up, 3(a) , 12(8)-diacetoxy-23-bromonorcholane 
(II), m.p. 127.5-128.5°, [a]* = +114°, was obtained in 25 per cent yield. 
In like manner the silver salt of nordesoxycholic acid diacetate (IIT) was 


CH; CH; 
OAc | OAc | 
| CH—CO,Ag HC—Br 
PPA as! FP Acl 
| | 2 
INA ASA NN AWA 
Ph jo 6 6 Ct 
OAc OAc 
(V) (VI) 
CH; 
OAc | 
| BrC—H 
yg a 
| 
“NAY 4% 
L | | + CO, + AgBr 


OAc 
(VID 


converted to 3(a),12(8)-diacetoxy-22-bromobisnorcholane (IV), m.p. 
144.5-145°, [a]? = +107°, in 40 per cent yield. When applied to the 
silver salt of bisnordesoxycholic acid diacetate (V), the bromine degradation 
led to a mixture of two isomeric bromides which was separated by chromato- 
graphic analysis and fractional crystallization. The more easily purified 
compound, designated 3(a) ,12(8)-diacetoxy-20(8)-bromopregnane (VI), 
crystallized in the form of small, hard needles, melting at 140—-142°, [a]” = 
+86°. The isomeric 3(a) ,12(8)-diacetoxy-20(a)-bromopregnane (VII) 
appeared as fine, silky needles, m.p. 83-87°, [a]? = +103°. The yield of 
crystalline C-bromide mixture, before separation, was 65 per cent. 
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It was to be expected that a ketone group in the molecule would not 
interfere with the reaction, provided that no excess of bromine was used. 
since the silver salts react very rapidly with the halogen. This proved to 
be the case. From silver 3(a)-acetoxy-12-ketocholanate (VIII) the corres- 
ponding bromide, 3(a)-acetoxy-12-keto-23-bromonorcholane (IX). m.p. 
209.5-211°, [a]? = +126°, was prepared in 60 per cent yield. 

The yields of the bromides as given above are those actually obtained 
in typical experiments. However, with all of the compounds except des- 
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oxycholic acid, varying amounts of the acetylated acids were recovered 
from the acid fractions. Correction for this recovery of starting material 
increases the yields cited above from 5 to 25 per cent. 

With the alkyl bromide derivatives described above, reduction with 
zine and acetic acid proceeded smoothly to give the corresponding steroids 
with alkyl side chains in yields which were uniformly over 90 per cent. 
The compounds so prepared are 3(a),12(3)-diacetoxynorcholane (X), 
m.p. 116.5-117°, [a]? = +118°; 3(a),12(8)-diacetoxybisnorcholane (XI), 
m.p. 115-116°, [a]? = +104°; 3(a),12(3)-diacetoxypregnane (XII), 
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m.p. 158-158.5°, fa}? = +112°; and 3(a)-acetoxy-12-ketonorcholane 
(XIII), m.p. 158.5-159.5°, [a] = +119°. 

Attempts to remove hydrogen bromide from the two primary diacetoxy 
bromides (II and IV) were unsuccessful. When the bromides were refluxed 
with collidine, unchanged starting material was recovered; treatment with 
piperidine led to stable piperidinium complexes. In the case of 3(a),- 
12(8)-diacetoxy-23-bromonorcholane, treatment with sodium ethylate, 
followed by reacetylation, gave in very low yield a compound melting at 


CH; CH; 
AcO | AcO | 

CH—CH,——CH; CH—CH; 
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143-144°, [a]? = +60°, which on analysis proved to be acetoxy-23-ethoxy- 
norcholene. ‘This apparently results from simultaneous ether formation 
and loss of a molecule of acetic acid from either Ring A or Ring C. The 
compound was not further investigated. Treatment of the primary bro- 
mides with alcoholic silver nitrate solution led to precipitation of silver 
bromide, but no definite organic product could be isolated. 

The mixture of secondary Cx-bromides proved stable toward collidine, 
but when it was refluxed for 22 hours with piperidine, hydrogen bromide 
was removed and a product melting at 162-174° was isolated in 87 per cent 
yield by crystallization from methanol. After several recrystallizations, 
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material with a constant melting point of 176-178.5°, [a]? = +112°, wa 
obtained. The product analyzed correctly for a diacetoxypregnene, and 
is presumably 3(a),12(8)-diacetoxy-A"°-pregnene (XIV), 3(a) , 12/8). 
diacetoxy-A*®*!-pregnene (XV), or a mixture of both. 

Ozonolysis of our material, or preferably of the related derivative 
mixture prepared from 3(a)-acetoxy-11-keto-20-bromopregnane, should 
lead to a Cy;-keto compound, an etio acid, or a readily separable mixture of 
the two. 


CH; CH; 
AcO | AcO | 
CHBr CH 
JN /\\__ 
J er ; AVF al 
| | “= and (or) 
r % f \/ ; A \Y 
AcO AcO 
(XIV) 
CH, 
AcO | 
| CH 
he 
| 
ha \4 
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AcO 


EXPERIMENTAL” 


3(a) ,12(8)-Diacetory-23-bromonorcholane (II)—Desoxycholic acid diace- 
tate was prepared by heating 24.8 gm. of desoxycholic acid on the steam 
bath for 3 hours with 50 ce. of pyridine and 45 cc. of acetic anhydride. 
The product was worked up in the usual manner and the oil so obtained 
was dissolved in 300 cc. of 80 per cent ethyl alcohol. This solution was 
titrated to the phenolphthalein end-point with dilute aqueous sodium 
hydroxide, after which the pink color was just discharged by the dropwise 
addition of very dilute nitric acid. 


2 All melting points are uncorrected. Unless otherwise noted, rotations were 
taken in acetone in a 1 dm. tube (c = 0.8 to 1.3). 
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The solution was diluted to 800 cc. by addition of water, and a solution 
of 12.9 gm. (20 per cent excess) of silver nitrate in 150 ec. of water was 
added with swirling. About 500 ec. of water were added, and after 
thorough shaking the voluminous white precipitate was filtered off, washed 
three times with 20 per cent ethyl alcohol, and dried to constant weight, 
finally at 100° and 1 mm. over phosphorus pentoxide. The yield of light 
tan, powdery silver salt was 90 per cent. 

To a suspension of 23.8 gm. of silver salt in 500 cc. of boiling anhydrous 
earbon tetrachloride were added over a period of about 10 seconds and with 
vigorous stirring 6.92 gm. (1.06 moles) of pure bromine in 147 cc. of carbon 
tetrachloride. Evolution of carbon dioxide and formation of silver 
bromide were observed immediately, and the color of bromine was dis- 
charged in the course of 4 minutes. 

The stirring and refluxing were continued for an additional 10 minutes. 
The hot suspension was filtered to remove silver bromide and the solvent 
was taken off in vacuo below 40°. The light yellow residual oil was taken 
up in ether and the ethereal solution washed three times with 5 per cent 
sodium carbonate and three times with water. After the mixture had 
dried over sodium sulfate, the ether was removed to yield 10.6 gm. of a 
neutral, red oil. The oil was chromatographed on alumina. Fractions 
eluted by benzene and by benzene containing 1 per cent of ether crystal- 
lized on removal of the solvent and addition of methanol, m.p. 124.5-127°. 
Yield (combined fractions from several chromatographic analyses) 5.2 
gm. (25 per cent). One recrystallization from methanol gave needles melt- 
ing at 127.5-128.5°. The melting point was unchanged by further re- 
erystallization. [a]? = +114°. 

Analysis—CyxHy.O,Br. Calculated. C 63.39, H 8.47, Br 15.62 

Found. ‘* 63.65, “* 8.55, ‘‘ 15.93 


3(a) ,12(8)-Diacetoxy-22-bromobisnorcholane (IV )—Pure crystalline nor- 
desoxycholic acid diacetate, m.p. 205-206°, was converted to the silver salt 
by the method described above. A 0.90 gm. portion of the salt, suspended 
in boiling carbon tetrachloride, was treated with 0.268 gm. (1.06 moles) of 
bromine in 1 cc. of carbon tetrachloride. After 10 minutes the reaction 
mixture was worked up as before, yielding a neutral fraction of 0.489 gm. 
and an acid fraction of 0.26 gm. The neutral fraction, upon being chromat- 
ographed on alumina, gave 0.30 gm. of needles, m.p. 143-144°. After one 
recrystallization from methanol, the product melted constantly at 144.5— 
145°; [a]? = +107°. 

Analysis—C.,H,,O,Br. Calculated. C 62.76, H 8.31, Br 16.06 

Found. ** 62.85, “* 8.59, “ 16.68 
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The acid fraction was crystallized and identified by melting point anj 
mixed melting point as nordesoxycholic acid diacetate. 

Tsomeric 3(a) ,12(8)-Diacetoxy-20-bromopregnanes (VI and VII)—Fron 
2.77 gm. of non-crystalline bisnordesoxycholic acid diacetate were pr. 
prepared by the usual method 3.48 gm. (83 per cent) of its silver salt. This 
suspended in carbon tetrachloride, was treated with bromine and worked 
up as previously indicated. The neutral fraction weighed 1.88 gm. and the 
acid fraction 1.11 gm. 

Two-thirds (1.2 gm.) of the neutral fraction, dissolved in 20 ec. of benzene 
plus 80 ce. of petroleum ether, was chromatographed on 40 gm. of alumina, 
Elutions with mixtures of benzene and petroleum ether gave in the first 
fraction 953 mg. of fine, yellowish needles. The second fraction, when 


eluted by benzene containing a few per cent of ether, gave 101 mg. of coang | 


needles. 
The material in the second fraction was twice recrystallized from metb- 


anol to give small, hard needles, m.p. 140-142°; [a]?” = +86° (designated | 


as the 20(8)-bromo compound). 


Analysis—Ce,H,,0,Br. Calculated, C 62.10, H 8.13, found, C 61.73, 1.8.22 


The first fraction on crystallization from methanol gave material melting | 


at 103-106°. By addition of water to the mother liquor, 0.10 gm. of fine, 
silky needles, m.p. 83-87°, was obtained. The melting point remained 
constant on further recrystallization. [a]?° = + 103°. (This isomer has 
been designated the 20(a)-bromo compound. ) 
Analysis—C.,H,,0.Br. Caleulated, C 62.10, H 8.13; found, C 61.7, 18.19 
The material melting at 103-106°, mentioned above, had a specific rota- 
tion of [a]? = +97°. This intermediate rotation indicates that the first 


material obtained from Fraction I was a mixture of the two isomers. 
3(a)-Acetoxy-12-keto-23-bromonorcholane (IX)—To 5.1 gm. of the silver 


salt of 3(a)-acetoxy-12-ketocholanic acid in 75 ce. of boiling carbon tetra- | 


chloride was added a solution of 1.52 gm. (1.00 mole) of bromine in 4.85 ce. 
of carbon tetrachloride. When, after filtration of the silver bromide, the 
solvent was removed in vacuo, the residue crystallized. It was broken up, 
filtered, and washed with ether. In this manner 1.61 gm. of crystals, mp. 
190-205°, were obtained. Reerystallization from chloroform-methandl 
gave 1.18 gm. of material, m.p. 205-208°. Two more recrystallizations 
from chloroform-methanol and two from dilute acetone gave a pure prod- 
uct, m.p. 209.5-211°. [a]? = +126° (chloroform). 


Analysis—C.2;H»O;Br. Calculated. C 64.23, H 8.41, Br 17.1 
Found “a. ~ 6. ~ WA 
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When reduced with zine and acetic acid, 0.36 gm. of the bromo com- 
pound gave 0.29 gm. (97 per cent) of 3(a)-acetoxy-12-ketonorcholane 
(XIII), m.p. 157- 159°. After two recrystallizations from methanol, the 
product melted at 158.5-159.5°. [a]y’ = +119°. 

3(a) , 12(8)-Diacetoxynorcholane (X)—A portion of 3(a@) ,12(8)-diacetoxy- 
93-bromonorcholane (4.48 gm.) was dissolved in about 150 ce. of glacial 
acetic acid and to the refluxing solution were added portionwise over a pe- 
riod of 15 minutes about 6 gm. of zine dust. The hot solution was filtered 
directly into 5 volumes of cold water, and the residual zine washed thor- 
oughly with ether. The precipitated product was removed from the water 
by extraction with ether. The ethereal solution was washed with water, 
three times with 5 per cent sodium carbonate solution, and three times with 
water. The solution was dried over sodium sulfate and the ether removed 
to give 3.7 gm. of colorless oil. ‘This was crystallized from methanol. The 
first crop of fine, long needles weighed 1.95 gm., m.p. 112-114°; the Beil- 
stein test was negative. ‘Three more crops of slightly less pure material 
were obtained by concentration of the mother liquor. Total yield 3.65 gm. 
(97 per cent). Several recrystallizations from methanol gave a material 
with a constant melting point of 116.5-117°.  [a]?° = +118°. 


Analysis—C2;HO,4. Calculated, C 74.95, H 10.25; found, C 75.26, TH 10.23 


3(a) ,12(8)-Diacetoxybisnorcholane (XI)—1 gm. of 3(a) , 12(8)-diacetoxy- 
22-bromobisnorcholane, reduced with zine and acetic acid exactly as above, 
gave 0.65 gm. of oil. This was crystallized from methanol to yield long, 
coarse needles, m.p. 105-107°. After four recrystallizations from methanol 
and three from dilute ethanol, pure material melting at 115-116° was ob- 
tained. [a]?? = +104°. 


Analysis—CogHwO,. Calculated, C 74.60, H 10.11; found, C 74.46, H 10.36 


3(a) ,12(8)-Diacetoxrypregnane (XII)—A mixture of the two isomeric 
Cx»-bromides was reduced with zine and acetic acid in the usual manner. 
The total yield of crystalline product was 95 per cent. The material in the 
first crop melted at 156-158°. After two recrystallizations from methanol, 
pure crystals, m.p. 158-159.5°, [a]?° = +112°, were obtained. 


Analysis—C,y;H4oO,. Calculated, 74.21, H 9.97; found, C 74.50, H 10.18 


Attempted Dehydrobromination of 3(a) ,12(8)-Diacetoxy-23-bromonorcho- 
lane. With Collidine—Exactly 100 mg. of the 23-bromo compound were 
refluxed for 44 hours with 10 cc. of freshly distilled collidine. The collidine 
was removed in vacuo, the residue taken up in ether and water, and the 
ethereal solution washed with water, 10 per cent sulfuric acid, water, 5 per 
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cent sodium carbonate solution, and finally twice with water. On removal 
of the ether, a red oil, weighing 88 mg., was obtained. This resisted crystal. 
lization. On chromatographic fractionation, 71 mg. of starting materia] 
were isolated. No other crystalline compound could be found. 

With Piperidine—A solution of 0.22 gm. of the bromide in 5 cc. of anhy. 
drous piperidine was heated in a sealed tube in a bath of boiling n-butyl 
alcohol (117°) for 42 hours. When the solution was cooled in an ice-bath, 
light, thin plates crystallized. The crystalline material did not dissolye 
upon addition of ether. The solvents were removed in vacuo and the resi- 
due taken up in ether and water. The ethereal solution was washed as 
described above and evaporated; an oily residue weighing 25 mg. was ob- 
tained. It may be concluded that the water-soluble piperidinium complex, | 
stable at 117°, was formed by this treatment. 

With Alcoholic Silver Nitrate—To a solution of 0.20 gm. of the 23-bromo 
compound in 95 per cent ethanol were added about 20 ec. of a 5 per cent | 
solution of silver nitrate in ethanol. The solution was refluxed for 10 
minutes and the precipitated silver bromide was filtered. From the solv- 
tion, 20 mg. of impure crystalline material, m.p. 131—136°, were obtained 
by crystallization from methanol. An attempt was made to purify this 
by chromatographing, but only 7 mg. of material, melting at 118-121°, 
resulted. The nature of this compound was not determined because of 
lack of sufficient material. 

With Sodium Ethylate—To a boiling solution of the sodium ethylate pre- 
pared from 12.4 gm. of sodium and 148 cc. of absolute ethanol was added a 
solution of 1.00 gm. of the 23-bromide in 52 cc. of hot absolute ethanol. 
Refluxing was continued for 30 minutes, and then 100 cc. of water were 
added. Most of the solvent was removed by distillation and the residue 
was poured into 1 liter of cold water. This was acidified with sulfuric acid, 
and the organic material removed by extraction with ether. The ethereal 
solution was washed with water, 5 per cent sodium carbonate solution, and 
again with water. The ether was removed, and the residue was dried and 
reacetylated in the usual manner. The resulting oil weighed 0.88 gm. This 
was chromatographed over alumina. The only crystalline fraction, eluted 
by 50 per cent benzene-50 per cent petroleum ether, yielded 50 mg. of ma- 
terial, m.p. 139-144°. The Beilstein test was negative. One recrystalliza- 
tion from methanol gave a product melting at 143-144°. [a]?? = +60° 
The analysis is satisfactory for an acetoxy ethoxy norcholene. 


Analysis—C2;7H,O;. Calculated, 77.83, H 10.65; found, C 77.67, H 10.85 


Action of Collidine on Isomeric 3(a) ,12(8)-Diacetoxy-20-bromopregnane 
Mizxture—A solution of 0.10 gm. of the 20-bromide mixture (m.p. 95-102) 
in 10 ce. of collidine was refluxed for 2 hours. The solvent was removed in 
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pacuo at 80° and the residue taken up in ether and water. The aqueous 
washings of the ethereal solution were analyzed for halide ion by Volhard 
titration. They contained 1.34 X 10-* mole of bromide, corresponding to 
only a 6 to 7 per cent reaction. 

Action of Piperidine on Isomeric 3(a) ,12(8)-Diacetoxy-20-bromopregnane 
Mizxture—Exactly 100 mg. of the isomeric 20-bromide mixture (m.p. 95- 
102°) were refluxed in 5 cc. of anhydrous piperidine for 22 hours. The re- 
action mixture was worked up in the usual manner, yielding 74 mg. of 
crystalline residue. This was dissolved in methanol and on cooling gave 50 
mg. of crystals, melting at 162-174°. After five recrystallizations from 
methanol the product showed a constant melting point of 176—178.5°, 
fa] = +112°. The analysis is correct for either 3(a) ,12(8)-diacetoxy- 
A’ °pregnene (XIV) or 3(a) , 12(8)-diacetoxy-A*:*!-pregnene (XV), or for 
a mixture of both isomers. 


Analysis —C2sH3s0,. Calculated, C 74.59, H 9.51; found, C 74.90, H 9.66 


An additional 20 mg. of the same material were obtained by careful 
addition of water to the mother liquor. 


The authors wish to express their thanks to the Committee on Medical 
Research of the National Research Council for a grant-in-aid which made 
this work possible, and also to Merck and Company, Inc., Rahway, New 
Jersey, for the microanalyses published in this article. 


SUMMARY 


The diacetates of desoxycholic acid, nordesoxycholic acid, and bisnor- 
desoxycholic acid, and the acetate of 3(a)-hydroxy-12-ketocholanic acid 
have been converted by the action of bromine on their silver salts to steroid 
bromides containing 1 less carbon atom. The bromo compounds so pre- 
pared are 3(a),12(8)-diacetoxy-23-bromonorcholane, m.p. 127.5-128.5°; 
3(a) , 12(8)-diacetoxy-22-bromobisnorcholane, m.p. 144.5-145°; 3(a) , 12(8)- 
diacetoxy-20(a)-bromopregnane, m.p. 83-87°; 3(a) ,12(8)-diacetoxy-20(8)- 
bromopregnane, m.p. 140-142°; and 3(a)-acetoxy-12-keto-23-bromonorcho- 
lane, m.p. 209.5-211°. 

These bromides have been reduced to the corresponding compounds with 
alkyl side chains at C,;: 3(@) , 12(8)-diacetoxynorcholane, m.p. 116.5-117°; 
3(a) ,12(8)-diacetoxybisnorcholane, m.p. 115-116°; 3(a),12(8)-diacetoxy- 
pregnane, m.p. 158-158.5°; and 3(a)-acetoxy-12-ketonorcholane, m.p. 
158.5-159.5°. 

By the action of piperidine, a mixture of the isomeric diacetoxy-20- 
bromopregnanes has been dehydrobrominated. The product, m.p. 176- 











Leck be IE a es Se 
ae mae = ee < 


ee i, eat 
=. sei» 


as 


= a a "Ss 
a el OE ee 





106 DEGRADATION OF BILE ACIDS 


178.5°, is a pregnenediol diacetate with the double bond at C,;—-Cy or at 
Co-C, or a mixture of both isomers. 
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THE WOLFF-KISHNER REDUCTION OF 3(a),12- 
DIHYDROXY-11-KETOCHOLANIC ACID 


By O. WINTERSTEINER, M. MOORE, ano K. REINHARDT 


(From the Division of Organic Chemistry, The Squibb Institute for Medical Research, 
New Brunswick) 


(Received for publication, September 8, 1945) 


Several years ago Longwell and Wintersteiner (1) studied the properties 
of the 3(a@) , 11-dihydroxy-12-ketocholanic acid, first described by Marke 
and Lawson (2), in the hope of accomplishing its conversion to a 3,11- 
dihydroxy compound by the Wolff-Kishner method. As they were unable 
to prepare the semicarbazone reported by these authors, they reduced the 
acid directly with sodium ethylate in the presence of hydrazine, and ob- 
tained an acid, C,H 3s0;-}H.O, melting at 162-163°, which was isolated via 
an acid succinate (m.p.227°). Obviously both oxygen atoms in Ring C had 
been eliminated. Later the reaction was repeated by Marker and cowork- 
ers (3) and yielded in their hands a 3,11, 12-trihydroxycholanie acid (m.p. 
136°) as the sole crystallizable product. The purpose of the present rein- 
vestigation was the thoroughgoing separation and characterization of all 
the products formed. 

A similar study was simultaneously undertaken by Gallagher (4), in 
conjunction with related work which eventually led to a revision of the 
hitherto accepted structure of the Marker-Lawson acid as 3(a) ,11-dihy- 
droxy-12-ketocholanic acid (5-8). This compound was originally prepared 
by hydrolysis with hot ethanolic potassium hydroxide solution of the amor- 
phous 3(a) , 11-bromo-12-ketocholanic acid, the structure of which had been 
unequivocally proved (1), but was recently shown by Seebeck and Reich- 
stein (9) and independently by Gallagher and Long (7) to consist of a mix- 
ture of 1l-epimers. Gallagher and his collaborators (7, 8) found that either 
epimer is converted into the Marker-Lawson acid by the above treatment, 
but that when the hydrolysis is conducted with cold aqueous alcoholic 
sodium hydroxide solution, the two epimeric 11-bromo acids give rise to two 
different dihydroxyketocholanic acids, neither of which is identical with the 
Marker-Lawson acid. In contrast to the latter these new isomers readily 
form hydrazones. It is therefore highly probable that the two new acids 
are 12-keto acids which differ from each other by epimerism at Cy. The 
Marker-Lawson acid consequently must be a 3(a) ,12-dihydroxy-11-ke- 
tocholanic acid, which at once explains the inertness of its keto group. 
These results were communicated to us by the Chicago investigators in the 
continuous exchange of information which accompanied the progress of 
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708 WOLFF-KISHNER REDUCTION 


these studies in both laboratories. We take great pleasure in acknowledg. 
ing the whole hearted cooperation we have enjoyed from the Chicago group 
in this problem. 


TaBe I 
Wolff-Kishner Reduction of 8(a),12(a ?)-Dihydrory-11-ketocholanic Acid 


I to ILI, starting acid and derivatives; IV to XV, reduction products and deriyg. 
tives. 


M p. laly 


<. degrees yer 
(I. 3(a),12(@ ?)-Dihydroxy-11-ketocholanic acid.| 205 | +67 (Ethanol) 
(II. Methyl 3(a@),12(a@ ?)-dihydroxy-11-keto- 
c] cholanate 157 | +64.6 si 
py Eat. Methyl 3(@),12(@ ?)-diacetoxy-11-keto- 
| | cholanate 69 | +54.5 Ki 
is —|——_—_—_—_____—_—— 
| IV. Methyl 3(a)-acetoxy-A''-cholenate 119 | +50.2 (Acetone) 
| | V. 3(@)-Hydroxy-A''-cholenic acid 165 | +33.2 (Ethanol) 
“ESV. Methyl 3(a),12(a@ ?)-diacetoxy-11(8)-hy 
droxycholanate 212 +59.9 (Chloroform) 
VIT. 3(a@),11(8),12(a@ ?)-Trihydroxycholanic 


| | aeid 177 | +42.9 (Ethanol) 





L=VIII. Methyl 3(a),11(a)-diacetoxy-12(8)-hy 


[ droxycholanate 129 +39.6 (Chloroform) 
| | IX. Methyl 3(a@),11(a@),12(8)-triacetoxycholan- 
ate... IS7 | +64.5 " 
X. 3(a@),11(@),12(8)-Trihydroxycholanie acid.. 164 | +46.9 (Ethanol) 





| 
| — —— . a — = ee 


~X 1. Methyl 3(a@),11(a),12(a@)-triacetoxycholanate, 164 | +37.1 (Chloroform) 
b—»N IT. 3(a@),11(a@),12(a@)-Trihydroxycholanic acid.| 174 +26.8 (Ethanol) 
| XIII. Methyl 3(a@),11(a@),12(@)-trihydroxychol- 

anate 135 | +28.4 


«ce 


——-X IV. Methyl 3(a@), 11(a) -diacet oxy -12-ketochol- 
anate sat abe ‘ ‘a 
XV. 3(a),11(a@)-Dihydroxy-12-ketocholanic 
acid 193 | +84.9 


151 | +34.9 (Ethanol) 


Results 


The essential findings are summarized in Table I. The use, in some e 
periments, of the methyl ester II or of the diacetyl methyl ester II], 
instead of the acid I, as the starting material did not modify the course of the 
reaction. It should be mentioned here that the ester III, methyl 3(a), 12 
diacetoxy-11-ketocholanate, which had been described previously as @ 
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amorphous product (1), has now been obtained in crystalline form. The 
inertness of the keto group in the acetylated ester was just as marked as 
in the free acid. In the attempted preparation of the oxime and semicarba- 
zone, the ester was recovered unchanged, while treatment with hydrazine 
resulted merely in the formation of the hydrazide of an acid in which one 
of the acetyl groups, presumably at C;, had been lost by saponification. 

It was found that the separation of the complex mixture of reduced acids 
could be best accomplished after their conversion into acetylated methyl 
esters. The acetylation was carried out at room temperature, which left 
hydroxyl groups relatively resistant to esterification in the free state and 
thus facilitated the separation and differentiation of the stereoisomers 
present. One of the partially acetylated esters (VI) could be secured by 
direct crystallization; the other three reaction products were obtained by 
chromatographic fractionation of the remaining mixture. This procedure 
was applied to three batches of reduced material and proved to be well 
reproducible, although the yields of the four compounds were small and 
somewhat variable. 

The isolated compounds were (1) an ester, CozH4»O,, identified by melting 
point and rotation as the methyl 3(a)-acetoxy-A"-cholenate (IV) which has 
been recently prepared by Press and Reichstein (10) and by Kendall and 
his collaborators (11) through other routes. The corresponding free acid 
(V) melted at 165°, as reported by the Swiss authors. The preparation of 
the acid succinate, m.p. 227°, confirmed the identity of the present reaction 
product with the acid, m.p. 163°, described in our earlier paper (1); (2) an 
ester, m.p. 212°, which had the composition of a methyl diacetoxyhydroxy- 
cholanate (Co»HysO;). Since on oxidation with chromic acid this compound 
yielded the methyl 3(a) ,12-diacetoxy-11-ketocholanate III, it must be a 
methyl 3(a),12-diacetoxy-11-hydroxycholanate (VI). The ester was 
hydrolyzed by hot alkali to a 3(@),11,12-trihydroxycholanic acid (VII) 
melting at 177°. That no configuration change had occurred in the 
hydrolysis was proved by conversion of the acid VII into an amorphous 
methyl ester which on acetylation at room temperature quantitatively 
reformed the original diacetoxy hydroxy ester VI. However, an attempt 
to force the acetylation of the free hydroxy] group in the latter by conduct- 
ing the reaction at elevated temperature resulted in the formation of pig- 
mented decomposition products; (3) a methyl diacetoxyhydroxycholanate, 
m.p. 129° (VIII), which differs from the isomer VI in that on oxidation 
with chromic acid it yielded a new methy! diacetoxyketocholanate (XIV) 
melting at 151°. Furthermore, unlike VI, the ester VIII is amenable to 
vigorous acetylation, which in this case afforded a methyl 3,11, 12-triace- 
toxycholanate (IX) melting at 187°. The hydrolysis product of VII was a 
trihydroxycholanic acid (X) differing from the isomeric acid VII by its 
lower melting point (164°) and its slightly higher dextrorotation. 
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The diacetoxy keto ester XIV on hydrolysis with 0.5 N methanolic potas. 
sium hydroxide at room temperature yielded nearly quantitatively a dihy. 
droxyketocholanic acid (XV) melting at 193°, which differs from the 
starting acid I by its higher dextrorotation (+84.9° as against +67° for I), 
However, when the hydrolysis was conducted with a stronger alkali at boil. 
ing temperature, a mixture was obtained from which only small amounts 
of dihydroxyketocholanic acid melting at 201-203° could be secured by 
repeated recrystallization. The melting point of a mixture with the start. 
ing acid I was not depressed, but the rotation (+72.7°) indicated that the 
hydrolysis product, I, was contaminated with some of the more dextroro- 
tatory isomer XV. 

The reason for this behavior became obvious when Gallagher and Hol- 
lander (8) discovered that hydrolysis of methyl 3(a)-hydroxy-11(§)- 
bromo-12-ketocholanate with cold aqueous alkali yielded a 3(q),1I- 
hydroxy-12-ketocholanie acid identical with XV. Treatment of this acid 
with hot alkali, as mentioned before, causes rearrangement to the 11-keto 
acid I. Consequently, the free hydroxyl group in the diacetoxy hydroxy 
ester VIII, from which XIV was obtained, must be in position 12, It 
furthermore follows from the resistance of this group to acetylation at room 
temperature that it is more strongly hindered than the 11-hydroxy] group; 
but this inertness is only relative and can be overcome by more energetic 
acetylation; (4) a methyl 3,11,12-triacetoxycholanate (XI) melting at 
163°! differing from the isomeric compound LX by its considerably lower 
dextrorotation. Hydrolysis of XI with 0.5 x methanolic potassium hydrox- 
ide at room temperature readily afforded a 3,11 ,12-trihydroxycholanie 
acid melting at 173-174° (XII), which markedly depressed the melting 
point of the isomeric acid, m.p. 177° (VII). The trihydroxy acid XII was 
further characterized by the preparation of a crystalline methyl ester, mp. 
134-135.5° (XIII). However, reacetylation of this methyl ester at room 
temperature vielded a mixture from which the original triacetoxy ester XI 
could be secured only by chromatographing. This may be taken as ev:- 
dence that one of the hydroxyl groups is hindered to a certain extent, but 
certainly less strongly than in acids VII and X. 

Acid XII seems to occur in another polymorphous modification, or ele 
is not quite stable, since recrystallized preparations invariably showed some 
sintering at about 135° before melting at the temperature indicated. This 
observation is mentioned here because it is the only indication in our work 
for the presence of the 3,11,12-trihydroxycholanic acid, m.p. 136°, de 
scribed by Marker and his colleagues (3). The yield obtained by these 
authors was 27 per cent. It is highly improbable that their acid is a fourth 
isomer not encountered by us, as it could hardly have escaped isolation it 


1 The melting point of 164° given in Table I refers to that of a purer specimen ob- 
tained by the route V — XII — XI. 
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the chromatographic fractionation employed in our work. It may be a 
polymorphous modification of our acid XII, or, more likely, an isomeric 
mixture. Since Marker’s acid has not been characterized by rotation data 
or derivatives, a satisfactory correlation with our compounds is not pos- 
sible. 

It seemed of interest to ascertain which, if any, of the isolated trihydroxy- 
cholanic acids could be obtained by addition of hydroxy] groups to the 11-12 
double bond in 3(a)-hydroxy-A'-cholenic acid (V) by means of osmium 
tetroxide. This reagent, which is known to give rise to cis-glycols (12), has 
been applied to the desoxy analogue of V, A''-cholenic acid, by Alther and 
Reichstein (13) and yielded an 11 ,12-dihydroxycholanic acid. In our case 
the reaction led to the trihydroxy acid XII, which therefore must be one of 
the two possible 11,12-cis isomers. The yield of XIT indicated that this 
isomer is the principal, if not the sole, product. 


DISCUSSION 


It is clear from the foregoing that the reduction of 3(a) , 12-dihydroxy- 
11-ketocholanic acid (I) with sodium ethylate and hydrazine at 200° leads 
primarily to stereoisomeric 3,11,12-trihydroxycholanie acids. The re- 
duction of the 11-keto group to carbinol is reminiscent of the “abnormal” 
Wolff-Kishner reduction of the semicarbazones or hydrazones of 3-keto- 
steroids to 3-hydroxy compounds (14), but this similarity is superficial in so 
far as in the latter cases the addition of hydrazine forces the reaction to 
proceed normally ; that is, with the formation of a methylene group. With 
the present substrate, the cause of the “‘abnormal’’ reduction is probably to 
be sought in the demonstrated inability of the keto group to react with 
hydrazine or its derivatives, so that the reduction of this group by sodium 
ethylate, which is known under these conditions to yield alcohols from 
3-ketones (14), becomes the prevailing reaction. This concept is supported 
by the fact, demonstrated in the following paper, that in 3(a)-hydroxy- 
11,12-diketocholanic acid the 12-keto group is reduced in the normal 
manner, that is with elimination of the carbonyl oxygen, while the 11-keto 
group is transformed into a hydroxyl group. With the present starting 
product this reaction, per se, would account for the formation of two 
trihydroxy acids differing from each other by epimerism at Cy. The for- 
mation of the third trihydroxy acid isolated by us, and of a fourth isomer 
encountered in small amounts by Gallagher (4) instead of our acid VII, calls 
for an additional mechanism entailing partial epimerization of the original 
12-hydroxyl group. Most likely this epimerization occurs before the reduc- 
tion through enolization of the 11-keto group to an 11,12-enediol. Since 
the enediol form is common to the epimeric 12-hydroxy-11-keto acids and 
the epimeric 11-hydroxy-12-keto acids, all four of these acids could very 
well coexist in hot alkaline solution and function as potential precursors of 
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the stereoisomeric trihydroxy acids. The findings of Gallagher and his 
colleagues that both epimeric 3(a) ,11-dihydroxy-12-ketocholaniec acids are 
readily isomerized by hot alkali to the Marker-Lawson acid do not inyali- 
date this assumption, as the extent of this conversion is not known. To 
judge from the yields, the isomerization is by no means quantitative, and 
furthermore the isolation of the Marker-Lawson acid is favored by the 
relatively greater ease with which it can be separated in crystalline form, 
Indeed, a reasonable argument for the presence of at least one of the 
11-hydroxy-12-keto acids before the start of the reduction can be made on 
the following grounds. 

It is difficult to visualize the formation of 3(a)-hydroxy-A"-cholenic acid 
from the Marker-Lawson acid by a mechanism other than elimination of 
the keto group, and subsequent dehydration of the remaining hydroxy] 
group in Ring C to form the 11—12 double bond. The available evidence 
indicates that an 11-keto group resists the usual procedures for reduction 
to a methylene group, but that a 12-keto group can be so reduced by sodium 
ethylate and hydrazine. Consequently, the immediate precursor of the 
unsaturated acid must be a 3(a@),11-dihydroxycholanie acid which in tum 
arises by normal reduction from a 3(a) , 11-dihydroxy-12-ketocholanie acid 
formed by partial isomerization of the starting material. The fact that 
none of the intermediate 3, 11-dihydroxy acid was found among the redue- 
tion products may be merely due to the inadequacy of the method of 
separation, or may be ascribed, as by Long and Gallagher (6), to the pres- 
ence in this acid of an 11(8)-hydroxyl group which these authors assume to 
be susceptible to dehydration under these conditions. 

It is possible to draw from our results, in conjunction with those of 
Gallagher and his colleagues, certain conclusions regarding the configura- 
tions of the 11- and 12-hydroxy] groups in the stereoisomeric trihydroxy- 
cholanic acids VII, X, and XII. Stereoisomerism at C;, such as might have 
resulted from an inversion of the 3(a)-hydroxy! group under the conditions 
of the Wolff-Kishner reaction (14), is excluded by the fact that the three 
acids, as well as the fourth isomer of Gallagher (4), have been linked with 
3(a)-hydroxyl compounds by reactions which could not cause inversion at 
this carbon atom (VII — I; X — XV; V — XII). 

In regard to the “absolute’’ configurations of 11-hydroxy compounds, 
the following facts must be considered. The space model shows that an 
11-hydroxyl group is more strongly hindered in the 8 (cis to the methyl 
groups at Cy and C,;) than in the a configuration. Methyl 11-hydroxy- 
cholanate (15), and methyl 3(a)-acetoxy-11-hydroxycholanate (16) require 
rather severe conditions for acetylation at C,,, and in this respect resemble 
the adrenal cortical steroids. Reich and Reichstein (15) tentatively as 
signed the 11(e) configuration to methyl 11-hydroxycholanate, because it 
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was one of the products formed in the catalytic reduction of an 11, 12-oxide 
ester which they showed to be methyl 11(a@),12(a)-oxidocholanate. They 
admit, however, the possibility of a Walden inversion in the reaction, and 
consequently the limited value of this type of evidence. On the other hand, 
our experience with the triacetoxy ester XI and the 3,11-diacetoxy-12- 
hydroxy ester VIIT proves conclusively that a hydroxyl group in position 11 
can exist in a spatial orientation in which it is easily accessible to acetylating 
agents. Another case in point is the 3(a) , 11-dihydroxycholaniec acid which 
Gallagher and his associates (6, 8) obtained by Wolff-Kishner reduction of 
both 1l-epimeric 3(a@),11-dihydroxy-12-ketocholanic acids, and which 
yields a diacetate on relatively mild acetylation. It is therefore logical to 
accord the 11(a) configuration only to 11-hydroxy compounds which show 
this behavior, and the 8 configuration to those which do not. 

In the attempt to assign configurations to the 12-hydroxyl groups in the 
reduced acids, the epimeric pair desoxycholic acid and 12-epidesoxycholic 
acid must serve for reference. Koechlin and Reichstein (17) adduced 
evidence by saponification rate measurements that the 12-hydroxyl group 
in desoxycholic acid is more strongly hindered than in its epimer. We have 
found that desoxycholic acid under the conditions of acetylation used by 
us yielded the 3-monoacetate as the only crystallizable product (m.p. 124 
126°; yield about 40 per cent). This, in conjunction with the fact that the 
12-hydroxyl group in I and in VII is quantitatively acetylated under these 
conditions, provides additional evidence for the (moderately) hindered 
character of this group in desoxycholic acid and the absence of such hin- 
drance in the epimeric configuration. Since the difference in the reactivity 
of the epimeric groups is probably not great, this criterion for correlating 
configurations must admittedly be used with caution. However, a check 
is provided by the rotation data. Desoxycholic acid and its derivatives 
have higher dextrorotations than their 12-epimers. Therefore, if it can be 
shown that two compounds differ by epimerism at Cy. only, the epimer giv- 
ing evidence of being more hindered should also be more dextrorotatory 
than the other. If both these criteria are met, this epimer may be assumed 
to be configurationally related to desoxycholic acid. 

In regard to the ‘‘absolute” configuration of the 12-hydroxyl group in 
desoxycholic acid and its 12-epimer opinions are divided. Various theoreti- 
cal considerations led Koechlin and Reichstein (17) to assign the 12(8) 
configuration (12-hydroxy] group cis to methyl at C,;) to desoxycholic acid 
and the 12(a) configuration to the epi compound. Gallagher and Long (5) 
present evidence which favors the opposite relationship. However, as will 
be shown below, the latter view when applied to the epimeric trihydroxy- 
cholanic acids conflicts with the data concerning relative hindrance and 
rotation, provided that the absolute configurations at C\, in these compounds 
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have been correctly assigned. We have therefore adopted the view of the 
Swiss investigators as the basis of the stereochemical relationship discugged 
here, but wish to make it clear that the designations thus arrived at should 
be considered as tentative. They may have to be revised as more faets 
pertaining to the absolute configurations at C,, and Cj. become available 

On the premises set forth, acid XII has to be designated 3(a),11(q).. 
12(a), because none of the hydroxyl groups is markedly hindered, and the 
cis relationship of the 11- and 12-hydroxyl groups has been established by 
its formation from 3(a)-hydroxy-A"-cholenic acid with osmium tetroxide, 
Acid X possesses a moderately hindered hydroxyl group, which has been 
shown to occupy the 12 position, since the diacetoxy hydroxy methy] ester 
VIII can be oxidized to the methyl 3(a) , 12(a)-diacetoxy-12-ketocholanate 
of Gallagher and Hollander (8). Consequently X is 3(a),11(q@),12(8)- 
trihydroxycholanic acid, the 12-epimer of XII. The configurations as. 
signed to XII and X are in agreement with those proposed by Gallagher 
(4). However, the facts regarding steric hindrance as well as the rotations 
(X more dextrorotatory than XII) relate X configurationally to desoxy- 
cholic acid and XII to 12-epidesoxycholic acid. This would seem to contra- 
dict the view of Gallagher and Long that desoxycholic acid is a 12(q) 
compound, unless it is assumed that the presence of an 11(a)-hydroxyl 
group in X and XII reverses the relative reactivities of the 12-hydroxy! 
group as well as their contributions to rotation. 

Acid VII has a strongly hindered hydroxy] group occupying position 1], 
as shown by the oxidation of its diacetoxy hydroxy methyl ester VI to the 
diacetoxy ester III of the starting acid. Since the other two hydroxyl 
groups can be quantitatively acetylated at room temperature, it must be 
assumed by analogy with the epimeric pair XII and X that the 12-hydroxy! 
group has the a configuration. Acid VII is therefore designated 3(a),- 
11(8) ,12(a)-trihydroxycholanie acid, and the starting acid I, 3(a),- 
12(a)-dihydroxy-11-ketocholanic acid. This is contrary to the designation 
of Gallagher (4), who assigns to these acids the 12(8) configuration and con- 
siders the fourth isomeric trihydroxycholanic acid isolated by him to be the 
12(a)-epimer. Reacetylation has been carried out by this author on the 
corresponding methyl 3(a) , 12-dihydroxy-11-acetoxycholanate obtained by 
acetolysis of 3(a)-hydroxy-11, 12-oxidocholanic acid and subsequent ester'- 
fication. A triacetate was obtained, but since the reaction was conducted 
at elevated temperature, the reactivity of the 12-hydroxyl group in this 
isomer relative to that in acid VII cannot be judged. The specific rotations 
in ethanol of VII (+42.9°) and of the isomer of Gallagher (+ 54°) indicate 
that the former is related to 12-epidesoxycholic acid and the latter t 
desoxycholic acid. This is of course compatible with Gallagher's vier 
point (12() configuration in desoxycholic acid and in his fourth isomefit 
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trihydroxycholanic acid, 12(8) configuration in 12-epidesoxycholic acid and 
in VII), as well as with our own, which reverses the designations in both 
these pairs. We prefer the latter view, because otherwise it will have to 
be assumed that the postulated optical relationships with the desoxycholic 
acid pair hold for the pair VII and the isomer of Gallagher, but not for the 
pair XII and X. However, since the evidence for either configuration in 
acid VII is in our opinion rather tenuous, a question mark following the 
12(a) designation adopted by us for VII and I and their derivatives is in 


order. 
EXPERIMENTAL 

The starting material was prepared by the method previously described 
(1), except that we found it more convenient to use for the bromination in 
position 11 the methyl ester of 3(@)-acetoxy-12-ketocholanic acid instead 
of the acid itself. In the preparation of a later batch, in which the method 
of Gallagher and Long (7) was followed, we made the observation that 
hydrolysis of the crystalline 3(a)-acetoxy-11(a)-bromo-12-ketocholanic acid 
methyl ester with methanolic potassium hydroxide solution at room tem- 
perature did not lead to replacement of the bromine atom; so that the result- 
ing product was the hitherto undescribed 3(a@)-hydroxy-11(a)-bromo-12- 
ketocholanic acid. Subsequent treatment with sodium hydroxide in 
aqueous ethanol at room temperature yielded the insoluble sodium salt of 
3(a) ,11(8)-dihydroxy-12-ketocholanic acid, which was then isomerized to 
the Marker-Lawson acid with hot aqueous alkali. 

In connection with the stereochemical questions previously discussed, it 
seemed of interest to examine the behavior of methyl 3(a) , 11(8)-dihydroxy- 
12-ketocholanate on acetylation at room temperature. As expected, a 
monoacetate, methyl 3(a)-acetoxy-11(8)-hydroxy-12-ketocholanate (m.p. 
161°), was obtained. 

3(a)-Hydroxy-11(a)-bromo-12-kelocholanic Acid—Methyl 3(a)-acetoxy- 
12-ketocholanate was prepared by the method of Reichstein and Sorkin (18) 
and brominated as previously described for the corresponding 3(a)- 
acetoxy keto acid (1), except that a small amount of hydrobromic acid was 
added and the temperature was maintained at 65-70° instead of at 55°. 
For routine purposes, the procedure previously given (1) was then followed, 
but in later experiments the crude bromination product was reesterified with 
diazomethane in ether solution. On evaporation of the ether, most of the 
material crystallized. Recrystallization from the same solvent yielded 
large needles, which by melting point (159-161°) and rotation (fa}** = 
+49.1° in chloroform) were identified as methyl 3(a)-acetoxy-11(a)- 
bromo-12-ketocholanate (7,9). A solution of 10 gm. of the ester in 125 ce. 
of methanolic 0.5 N potassium hydroxide solution was allowed to stand at 
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room temperature for 2 days and then separated into acidic and neutral 
fractions. The saponified part (4.0 gm.) crystallized from ether in needles 
melting at 194-196°. After recrystallization from 80 per cent alcohol, the 
melting point was 190-191.5° (gas evolution). More of the crude acid could 
be recovered by subjecting the neutral fraction to a more prolonged hy- 
drolysis under the same conditions; fa]? = +44.5° (1.04 per cent in al- 
cohol). 


Analysis—CaH3;0,Br. Calculated. C 61.38, Hl 7.95, Br 17.03 
Found. “de.” 7a, * 6 


Methyl 3(a)-Acetoxy-11(8)-hydroxy-12-ketocholanate—6.0 gm. of 3(a)- 
hydroxy-11(a)-bromo-12-ketocholanic acid were converted into the insolu- 
ble sodium salt of 3(a),11(8)-dihydroxy-12-ketocholanic acid with cold 
aqueous alcoholic sodium hydroxide solution according to the directions of 
Long and Gallagher (6) for the acetoxy methy] ester. 600 mg. of the salt 
(m.p. 200-203°) were suspended in 15 cc. of aleohol and 200 cc. of water. 
After the addition of 2 ec. of 2 N sulfuric acid the mixture was shaken 
mechanically for 2 hours, and then extracted with ether. The residue of 
the dried and evaporated ether solution (590 mg.) was esterified with 
diazomethane in ether, and the crude ester was acetylated with 5 ce. of 
pyridine and 2.5 ec. of acetic anhydride at room temperature. After 24 
hours, the mixture was worked up in the usual way by extraction with 
ether. The ether residue was recrystallized repeatedly from ether-pentane 
and finally from methanol, from which it formed plates melting at 159-161°; 
[a]*? = +118.4° (0.88 per cent in alcohol). 


Analysis—C2;,HyO,. Calculated, C 70.08, H 9.16; found, C 69.90, H 9.02 


The sodium salt of 3(a@),11(8)-dihydroxy-12-ketocholanic acid was 
isomerized by boiling in 5 per cent aqueous sodium hydroxide solution, and 
acid I was obtained in good yield. 

Methyl 3(a),12(a ?)-Diacetoxry-11-ketocholanate (III)—A solution of 
500 mg. of methyl 3(@),12(a@ ?)-dihydroxy-11-ketocholanate in 2 ee. of 
pyridine and 1 ec. of acetic anhydride was allowed to stand at room tempera- 
ture for 24 hours. The reaction product, isolated by ether extraction, 
crystallized after addition of a little methanol. It was recrystallized re- 
peatedly from about 3 parts of the same solvent, from which it formed fine 
long needles on standing in the refrigerator. The melting point of the 
purified product was 67—69°, but occasionally higher values (up to 80°) were 
observed; [a], = +54.5° (0.98 per cent in alcohol). 


Analysis—C.2,H,,O;. Calculated, C 69.02, H 8.83; found, C 68.76, H 8.69 
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A solution of 45.2 mg. (0.0896 mM) in 0.1 N methanolic potassium hydrox- 
ide solution was allowed to stand 6 days at room temperature. Back 
titration showed that 0.260 milliequivalent of base had been neutralized 
(calculated, 0.269 milliequivalent). 

3(a)-Hydroxy-12(a ?)-acetoxy-11-ketocholanic Acid Hydrazide—A solution 
of the above ester (208 mg.) in absolute ethanol (5 cc.) and 85 per cent 
hydrazine hydrate (0.5 cc.) was boiled under a reflux for 20 hours. The 
oil remaining after evaporation of the alcohol was dissolved in 1 cc. of 
methanol. After addition of a few drops of Water and standing in the 
refrigerator a crystalline product separated. This was recrystallized twice 
from 20 per cent aqueous methanol, yielding rosettes of needles (45 mg.) 
which melted at 123-124°. 


Analysis—CxH2O;N>2. Calculated. C 67.48, H 9.16, N 6.06 
Found. ** 67.52, “* 9.35, “* 6.58 


Wolff-Kishner Reduction of 3(a),12(a ?)-Dihydroxy-11-ketocholanic Acid 
(I)—2 to 3 gm. batches of the acid, or of its derivatives II or III, were 
heated together with sodium ethylate, prepared from an equal amount 
of sodium and 10 parts of absolute ethanol, and 2.5 cc. of 85 per cent 
hydrazine hydrate in a sealed tube at 190-200° for 6 hours. The contents 
were poured into water, and the acidified solution was extracted with 
ether. The dried ether solution was evaporated to a small volume and 
treated with an excess of diazomethane. After several hours, it was taken 
to dryness and the residue was allowed to stand with pyridine-acetic 
anhydride, 2:1, at room temperature for 24 hours. The subsequent treat- 
ment of the acetylated ester mixture is illustrated by a typical experiment. 

The resinous product (about 4 gm.) was dissolved in about 10 ce. of 
absolute methanol. After standing for some time in the refrigerator the 
solution deposited a mass of fine needles, which were filtered and washed 
with cold methanol (Fraction A, 320 mg.). The mother liquor was brought 
to dryness, and the residue was dissolved in 100 cc. of benzene-hexane, 
4:1, and adsorbed on a column of aluminum oxide (3.5 X 22 cem.). The 
chromatogram was developed with 500 cc. of the same solvent mixture, and 
elution was effected by washing with benzene-hexane, 1:1 (1800 cc.), 
benzene (2000 cc.), and ether-benzene, 1:4 (600 ec.). The filtrates were 
collected in 100 cc. portions. Most of the benzene-hexane, 1:1, eluates 
crystallized spontaneously and were combined (Fraction B, 250 mg., 
m.p. 114-116°). The first benzene eluates were also for the most part 
crystalline (Fraction C, 708 mg., m.p. 145-149°). The amorphous residues 
of the remaining benzene eluates were dissolved separately in amounts of 
ether-hexane, 1:4, just sufficient to effect solution. After several days in 
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the refrigerator, some of the solutions deposited crystalline material, which 
was combined (Fraction D, 303 mg., m.p. 75-90°). The ether-benzene 
eluates could not be crystallized. They were combined (Fraction E, 15 
gm.) and oxidized with chromic acid, whereby they yielded appreciable 
amounts of the diacetoxy keto ester XIV. 

The separation of the various constituents of the ester mixture by the 
fractional elution procedure described above is not as efficient as might 
be desired. There is only a gradual decrease in the weight of the residues 
from the 100 cc. portions as elution with the same solvent proceeds, and 
consequently crystallizability and melting points rather than weight trends 
must be relied upon as criteria for combining these eluates into the several 
fractions mentioned. 

Methyl 3(a)-Acetoxy-A"-cholenate (1V')—-Fraction B was recrystallized 
twice from methanol, from which it formed large elongated platelets (196 
mg.) melting at 118-119°; [a]? = +.50.2° (0.85 per cent in acetone); +45,7° 
(0.87 per cent in chloroform). Press and Reichstein (10) report a melting 
point of 116-117° and an [a], of +52.2° in acetone. 


Analysis—C.;HyO,. Calculated, C 75.29, H 9.84; found, C 75.56, H 9.89 


In one case, the melting point of Fraction B was 117-121°, and that of 
the purified product 121-122°. Although the latter showed the same 
characteristic crystal form as the lower melting preparations previously 
obtained, it is possible that in this material some of the isomeric ester, 
methyl 3(a)-acetoxy-A’*"'-cholenate (m.p. 138°), or of the completely 
reduced ester, methyl 3(a)-acetoxycholanate (m.p. 134°), was present as 
an impurity. Seebeck and Reichstein (9) have shown that the three 
acetylated esters form inseparable mixtures with melting points intermedi- 
ate between those of the components. 

3(a)-Hydroxy-A"-cholentc Acid (V)-——Hydrolysis of 140 mg. of ester 
IV, effected by boiling with 5 per cent methanolic potassium hydroxide 
solution for 30 minutes, yielded prisms which after recrystallization from 
acetone melted at 163-165°; [a] = +33.2° (1.32 per cent in ethanol). 
Press and Reichstein (10) report a melting point of 165-166° and an 
[a]; of +33.2° in ethanol. A part of this material (71 mg.) was converted 
into the acid succinate with pyridine and succinic anhydride. The resulting 
product, recrystallized from dilute alcohol, melted at 226-227°, as did the 
derivative previously obtained (1). 

Methyl 3(a),12(a ?)-Diacetoxy-11(8)-hydroxycholanate (V1)-——Fraction 
A (320 mg., m.p. about 190°) was recrystallized four times from methanol, 
whereby 100 mg. of small rods melting at 210-212° were obtained; [a]? = 
+59.9° (0.89 per cent in chloroform). 


Analysis—C+3HwO;. Calculated, C 68.73, H 9.15; found, C 68.85, H 9.27 
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Oxidation of 42 mg. of ester VI with 25 mg. of chromium trioxide in 1 
ce. of pure acetic acid at room temperature for 24 hours yielded in the 
neutral fraction 41 mg. of a glass, which, when moistened with methanol, 
turned into a mass of long, fine needles on standing in the refrigerator. 
The substance (m.p. 68-70°) was recrystallized twice from small volumes of 
methanol and then melted at 67-69°. The melting point was not depressed 
by admixture of methyl 3(a),12(a ?)-diacetoxy-11-ketocholanate (III). 

3(a),11(8),12(a@ ?)-Trihydrorycholanic Acid (VII)—The ester VI (135 
mg.) was hydrolyzed by boiling with 5 per cent methanolic potassium 
hydroxide solution for 1 hour. The product was recrystallized twice from 
ethyl acetate, yielding rhombohedral crystals melting at 176-177°; [a] 
= +42.9° (0.97 per cent in ethanol). 


Analysis—CH Os. Caleulated, C 70.53, H 9.87; found, C 70.57, H 9.97 


Treatment of the trihydroxy acid with diazomethane resulted in the 
formation of a colorless resin which could not be crystallized. The amor- 
phous ester (21 mg.) was acetylated with acetic anhydride and pyridine 
at room temperature. The recrystallized product (17.9 mg.) melted at 
211-213°. A mixture with ester VI showed the same melting point. 

Methyl 3(a),11(a)-Diacetoxy-12(8)-hydroxycholanate (VIII)—F¥raction 
D (303 mg.) on recrystallization from ether-pentane, 1:2, yielded 128 mg. of 
long needles melting at 123° after softening at 97°. After three more 
recrystallizations from the same solvents, the melting point became con- 
stant at 127—129°; [a] = +39.6° (0.91 per cent in chloroform). 


Analysis—CygHyO;. Calculated, C 68.73, H 9.15; found, C 68.86, H 9.11 


Methyl 3(a),11(a@),12(8)-Triacetorycholanate (IX)—The ester VIII 
(38 mg.) was boiled with 2 ce. of pyridine and 1 cc. of acetic anhydride 
for 5 hours. The partly crystalline reaction product was adsorbed from 
a benzene-hexane solution, 1:9, on a small column of aluminum oxide. 
Benzene-hexane, 1:1, eluted homogeneous looking material (10 mg.) 
which, after recrystallization from methanol, melted at 186—187°; [a]? = 
+64.5° (0.31 per cent in chloroform). 


Analysis—Cy,HysOs. Caleulated, C 67.84, H 8.82; found, C 67.87, H 8.83 


3(a),11(a) ,12(8)-Trihydroxycholanic Acid (X)—The ester VIII (52 mg.) 
was hydrolyzed by boiling with 5 per cent methanolic potassium hydroxide 
solution for 3 hours. The acid was recrystallized from ethyl acetate, from 
which it formed blunt rods melting at 162-164°; fa]? = 46.9° (0.78 per 
cent in ethanol). 


Analysis—CyHyO,. Calculated, C 70.53, H 9.87; found, C 70.61, H 10.11 
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Methyl 3(a),11(a),12(a)-Triacetorycholanate (XI)--Fraction C wags 
recrystallized twice from methanol and then twice from hexane. The 
compound crystallized from either solvent in long, fine needles. The melt- 
ing point of the pure compound (159 mg.) was 161.5-163°; [a]? = +37,° 
(1:05 per cent in chloroform). 


Analysis—C,,HysOs. Calculated, C 67.84, H 8.82; found, C 67.94, H 8.81 


3(a) ,11(a) ,12(a)-Trihydroxycholanic Acid (XII)—Slightly impure ester 
XI (177 mg., m.p. 158-162°) was dissolved in 5 ce. of 5 per cent methanolic 
potassium hydroxide solution, and the mixture allowed to stand at room 
temperature for 68 hours. The reaction product was dissolved in a small 
volume of warm ethyl acetate. After standing overnight in the refrigerator, 
clear cut hexagonal plates mixed with a small amount of blunt needles had 
formed. The latter went into solution again at room temperature. The 
plates were filtered and washed well with cold ethyl acetate. This material 
(79 mg.) melted sharply at 173-174°. On recrystallization from the same 
solvent, small rods were obtained which underwent marked shrinking at 
136°, thereby forming an opaque mass which collapsed and became clear 
at 173°. Further recrystallization did not change this behavior. A 
mixture with the isomeric acid VII (m.p. 176-177°) melted at 134-148°; 
la|;> = +26.7° (0.96 per cent in ethanol), 


Analysis—CyuHwO;. Calculated, C 70.53, H 9.87; found, C 70.54, H 9.71 


When 123 mg. of pure ester XI were hydrolyzed by boiling with 5 per 
cent methanolic potassium hydroxide solution for 3 hours, the resulting 
rods, recrystallized once from ethy! acetate, showed unsatisfactory melting 
properties (sintering at 134°, clear at 173°) which did not materially improve 
on further recrystallization. The rotation of the final preparation (38 
mg.) was +17.9° in alcohol. 

Methyl 3(a),11(a),12(a)-Trihydroxycholanate (XIII)—A_ solution o 
acid XII (38 mg.) in ether was esterified with diazomethane and yielded, 
on evaporation of the solvent, rosettes of large square plates melting at 
65-74°. On recrystallization from ether-pentane, the crystal form changed 
to needles. These melted at 133-136° and probably represent another 
polymorphous modification. The melting point of the pure compound 
was 134-135.5°; [a]*? = +28.4° (0.875 per cent in ethanol). 


Analysis—C2H,,0;. Calculated, C 71.03, H 10.02; found, C 70.90, H 9.86 


3(a),11(a),12(a)-Trihydroxycholanic Acid (XII) from 3(a)-Hydrozy- 
A'-cholenic Acid (V)—3(a)-Hydroxy-A"-cholenic acid? was converted inte 


? We wish to thank Dr. Randolph T. Major of Merck and Company, Inc., for the 
gift of several gm. of the pure compound. 
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the acetoxy ester IV. A solution of 1.5 gm. of the ester and 1.0 gm. of 
osmium tetroxide in 100 ce. of dry ether was allowed to stand for 6 days. 
The solvent was removed, and the black residue was taken up in a mixture 
of 10 ec. of benzene and 50 cc. of ethanol. After the addition of a solution 
of 2 gm. each of potassium hydroxide and sodium sulfite in 12 ec. of water, 
the mixture was boiled for 3 hours. A filtered solution of 2 ec. of saturated 
aqueous sodium chloride solution and 8 ce. of ethanol was added. After 
the removal of the benzene by distillation, the brown precipitate was filtered 
from the hot solution and washed well with hot ethanol saturated with so- 
dium chloride. The filtrate was neutralized and after removal of most of 
the alcohol in vacuo and acidification with hydrochloric acid was extracted 
with ether. On concentration of the dried ether solution crystalline 
material (522 mg.) separated, which after recrystallization from ethyl 
acetate melted at 172-173°. The melting point of a mixture with acid 
XII was not depressed. [a]*” in ethanol (+20.6°) was somewhat lower than 
that of the reference sample. 

Esterification with diazomethane yielded the methyl ester XIII melting 
at 135-135.5°. When 147 mg. of the latter were acetylated in the usual 
manner at room temperature, the resulting product was inhomogeneous 
(m.p. 70-128°). It was purified by chromatographing and yielded 63 mg. 
of the triacetoxy ester XI melting at 163-164°; [a], = +33.9° (0.71 per 
cent in chloroform). 

The material from the original mother liquor was esterified and acety- 
lated, and on chromatographing yielded 258 mg. more of the pure ester 
XI. 

Methyl 3(a) ,11(a)-Diacetoxry-12-ketocholanate (XIV)—A_ solution of 
38.4 mg. of methyl 3(a),11(a)-diacetoxy-12(8)-hydroxycholanate (VIII) 
and 16 mg. of chromium trioxide in 1 ce. of pure acetic acid was allowed 
to stand for 24 hours at room temperature. The reaction product was 
separated in the usual way into acidic and neutral fractions. The latter 
crystallized immediately on addition of a little methanol (38.3 mg., m.p. 
149-151°). The product was recrystallized from 90 per cent ethanol, 
from which it formed rosettes of shiny rods melting at 150-151°; [a]*# = 
+34.9° (0.99 per cent in ethanol). 


Analysis—C.,HyO;. Calculated, C 69.02, H 8.83; found, C 69.26, H 8.91 


The diacetoxy keto ester can be conveniently obtained also by direct 
oxidation of appropriate chromatographic fractions containing its pre- 
cursor VIII. Thus treatment of 700 mg. of Fraction E with 120 mg. of 
chromium trioxide in 10 ec. of acetic acid yielded 97 mg. of the pure com- 
pound. 

The keto group in XIV is unreactive to 2,4-dinitrophenylhydrazine. 

3(a) ,11(a)-Dihydroxy-12-ketocholanic Acid (XV)—The ester XIV (23.6 
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mg.) was dissolved in 2 cc. of 0.5 N methanolic potassium hydroxide solu- 
tion, and the mixture allowed to stand at room temperature for 48 hours, 
The hydrolyzed product, recovered by ether extraction, crystallized 
immediately on addition of a few drops of ethyl acetate. Recrystallized 
from the same solvent, the acid formed solid triangular or rhombohedral 
blocks (16 mg.) with a melting point of 191-193°, which remained un- 
changed on further recrystallization; [a]? = +84.9° (0.64 per cent in 
ethanol). 


Analysis—C,,H330;. Calculated, C 70.88, H 9.42; found, C 70.71, H 9.60 


When 71 mg. of ester XIV were hydrolyzed by boiling with 2.5 ce. of § 
per cent methanolic potassium hydroxide, the crude product, on recrystal- 
lization from ethyl acetate, yielded inhomogeneous material (56 mg., m.p. 
173-194°). By repeated recrystallization from the same solvent and 
finally from 95 per cent ethanol, 11 mg. of prisms melting at 201—203° 
were obtained; [a], = +72.8° (0.80 per cent inethanol). A mixture witha 
sample of 3(a) ,12(@ ?)-dihydroxy-11-ketocholanic acid (1) (m.p. 202-203°, 
[a], = +65.2° in ethanol) melted at the same temperature. 


Analysis—CxyH;30;. Calculated, C 70.88, H 9.42; found, C 70.64, H 9.54 


SUMMARY 


The Wolff-Kishner reduction of 3(a@) ,12(a ?)-dihydroxy-11-ketocholanic 
acid with sodium ethylate and hydrazine has been reinvestigated. The 
acid C,H sO; obtained in a previous study (1) has been identified as 3(a)- 
hydroxy-A"-cholenic acid. The remainder of the reduction product has 
been shown to consist largely of three stereoisomeric 3(a@) , 11 , 12-trihydrox- 
ycholanic acids which could be separated in the form of acetylated esters. 
In two of the stereoisomers, one of the hydroxyl groups in Ring C is not 
amenable to mild acetylation, while the third isomer can be completely 
acetylated under these conditions. It has been demonstrated that in one 
of the acids resistant to complete acetylation, the hindered hydroxy! group 
is in position 11; in the other, in position 12. The spatial orientation of the 
11- and 12-hydroxyl groups in the three isomeric acids.is discussed, and 
configurations are provisionally assigned. 


The microanalyses reported in this paper were carried out by Mr. J. F. 
Alicino of this Division. 
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THE WOLFF-KISHNER REDUCTION OF 3(a)-HYDROXY-11, 12- 
DIKETOCHOLANIC ACID 


By O. WINTERSTEINER anp M. MOORE 


(From the Division of Organic Chemistry, The Squibb Institute for Medical Research, 
New Brunswick) 


(Received for publication, September 8, 1945) 


In a previous study (1) it has been shown that the Wolff-Kishner reduc- 
tion of 3(a),12(a@ ?)-dihydroxy-11-ketocholanic acid (Marker-Lawson 
acid), formerly thought to be a 3(a),11-dihydroxy-12-keto acid, yields 
3(a)-hydroxy-A"-cholenic acid and three stereoisomeric 3(a),11,12- 
trihydroxycholanie acids, but none of the desired 3(qa) ,11-dihydroxy- 
cholanic acid. At the time when these results were obtained the true struc- 
ture of the starting acid had not yet been recognized, and the inertness of 
the keto group and its failure to undergo normal reduction to a methylene 
group was ascribed to steric hindrance by the adjacent hydroxyl group, 
then supposed to be in position 11. The study was therefore extended to 
3(a)-hydroxy-11,12-diketocholanic acid, on the presumption that an 
enolic hydroxy] in that position might be spatially so situated as not to 
interfere with the normal reduction of the 12-keto group. The diketo 
acid had been previously described by Longwell and Wintersteiner (2) 
in the form of its 3-acid succinyl methyl ester (IV). The absorption spec- 
trum of this derivative indicates that it exists entirely in the diketo form, 
whereas the free acid which we have now prepared from it by hydrolysis 
with alkali represents a stable enol form (V). This is entirely analogous 
to the behavior of the 11, 12-diketocholanic acid of Wieland and Pasternak 
(3), whose conclusions regarding the structure of the two forms were 
confirmed spectrographically by Barnett and Reichstein (4). Since under 
the conditions of the Wolff-Kishner reaction immediate enolization could 
be anticipated, the succinoxy ester was used directly for the reduction with 
sodium ethylate and hydrazine. The non-crystalline reaction product was 
converted into acetylated methyl esters and the latter were fractionated 
chromatographically. Two crystalline products were obtained: (1) ma- 
terial melting at 124-126° which was similar in appearance and properties 
to corresponding chromatographic fractions of somewhat lower melting 
point occasionally obtained in the reduction of 3(a@),12(a@ ?)-dihydroxy-11- 
ketocholanic acid (1). This product was not further investigated, but 
probably consists mainly of methy] 3(a)-acetoxy-A"-cholenate, mixed with 
some of the isomeric A*:" ester and possibly of methyl 3-acetoxycholanate 
(1); (2) an ester, Cx;HyOs, melting at 146-148° which is identical with the 
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methy] 3(a)-acetoxy-11-hydroxycholanate (VIII) obtained by Lardon and 
Reichstein (5) from methyl 3(a)-acetoxy-A"-cholenate via methyl 3(a)- 
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acetoxy-11-ketocholanate (IX). Oxidation of the isolated compound to 
the latter ester confirmed its structure. 
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It is now evident from the work of Gallagher and his collaborators (6, 7) 
on the Wolff-Kishner reduction of the true 3(a@), 11-dihydroxy-12-ketocho- 
lanic acids that the 11l-hydroxyl group in neither epimeric configuration 
prevents the normal reduction of the 12-keto group. This, of course, 
accounts also for the ready elimination of this group from the enolized 
diketone. It is furthermore well established by the work on the Marker- 
Lawson acid (1, 8) that an 11-keto group is not reduced in this manner, 
but instead is transformed into carbinol, in all probability via an enol 
form. The formation of a 3(a@),11-dihydroxycholanic acid from the 
11,12-diketo acid is thus readily explained. The unsaturated acids simul- 
taneously formed obviously arise by dehydration either from this dihydroxy 
acid, or from its 11-epimer, which may be more unstable under the condi- 
tions employed. 

Lardon and Reichstein (5) have tentatively assigned the 11(a) configura- 
tion to the acetoxy ester VIII. Their argument on this point is mainly 
based on the fact that the corresponding 3-desacetoxy compound, methy] 
11-hydroxycholanate, can also be obtained by high pressure hydrogenation 
of methyl 11(a@),12(@)-oxidocholanate (9). However, the possibility of a 
Walden inversion in the latter reaction was admitted. The 11-hydroxyl 
group in both methyl 3(a)-acetoxy-1l-hydroxycholanate and methyl 
11-hydroxycholanate is considered comparatively resistant to acetylation 
by the Swiss investigators. Experimental data were given only for the 
latter compound, and they show that heating with pyridine and acetic 
anhydride at 100° for 3 hours yielded an amorphous acetate besides some 
starting material. On the other hand, Long and Gallagher (6) report that 
the methyl 3(a),11-dihydroxycholanate which they obtained by Wolff- 
Kishner reduction of 3(a) ,11(8)-dihydroxy-12-ketocholanie acid hydrazide 
hydrazone was readily converted into a diacetyl methyl ester (m.p. 118- 
119°) by heating with these reagents for 1 hour only. Since in some of 
the stereoisomeric 3,11,12-trihydroxycholanic acids the 11-hydroxyl 
group in the a configuration is amenable to acetylation under even milder 
conditions (1, 8), they assigned this configuration also to their 3(a) ,11- 
dihydroxycholanic acid. (This requires the assumption that epimeriza- 
tion at C,, has occurred under the influence of hot alkali before reduction 
of the 12-hydrazone group.) We therefore subjected material recovereu 
from the mother liquors of the monoacetate VIII (m.p. 138-148°) to acetyla- 
tion under the conditions used by Long and Gallagher, but the melting 
point remained unchanged. It therefore appears that the 3(a),11- 
dihydroxycholanic acid of these authors differs from the ester VIII by 
epimerism at C,;, and that the latter should be accorded the 11(8) configura- 
tion by the criterion adopted by Gallagher and ourselves (1, 8). 

One of the disadvantages of the procedure described here is the consider- 
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able loss of material which attends the monosuccinylation of the starting 
ester I and the isolation of the diketo ester acid succinate IV after the 
oxidation step. Longwell! and Wintersteiner (2) secured the latter com- 
pound without isolating the intermediate 3-acid succinate IT of the starting 
ester. In the hope that by carrying out the two steps separately the over- 
all yield could be improved, II has now been isolated and characterized, 
However, the losses in its purification are such that the use of the pure 
compound (m.p. 142-143°) for the subsequent oxidation is impracticable. 
For further characterization the dimethy! ester III (m.p. 86-88°) was 
prepared. 

Though the oxidation reaction seems to proceed smoothly and rapidly, 
the purification of the resulting methyl 3-succinoxy-11 , 12-diketocholanate 
(IV) was beset with difficulties. The melting points were unsharp and 
lower than that (194-196°) previously reported (2). Nevertheless, the 
preparations were analytically pure, and showed the same ultraviolet 
absorption characteristics as the preparation of Longwell and Winter- 
steiner. In view of the generally unsatisfactory properties of the acid 
succinates, alternative methods for the preparation of the diketo acid, such 
as partial oxidation of the starting acid itself, in analogy to the preparation 
of 3(a)-hydroxy-12-ketocholanic acid from desoxycholic acid (10), or oxida- 
tion of methyl 3(a)-acetoxy-11(8)-hydroxy-12-ketocholanate (1), would 
appear preferable. 

The 12-keto group in the succinoxy ester IV is reactive, as shown by the 
formation of a hydrazone hydrazide on treatment with hydrazine. The 
hydrolysis of IV to the enolic acid V, 3(a),11-dihydroxy-12-keto-A*-"- 
cholenic acid, is best accomplished by methanolic potassium hydroxide at 
room temperature. The enolic character of V (m.p. 165-167°) is evidenced 
by the strongly positive, blue-green ferric chloride reaction, and the intense 
light absorption around 280 my characteristic for cyclic a,6-unsaturated 
a-hydroxy ketones. The molecular extinction coefficient € was somewhat 
lower than that observed by Barnett and Reichstein (4) for 11-hydroxy-12- 
keto-A’:"-cholenic acid (7000 instead of 8700). The attempted prepara- 
tion of the oxime and semicarbazone yielded inhomogeneous products. 
For further characterization the methyl ester VI and the 3,11-diacetoxy 
ester VII were prepared. They gave correct analytical values, but had 
unsharp and erratic melting points. The spectrum of the methyl ester 
VI has the same characteristics as that of the free acid, but acetylation of 
the enolic hydroxy! group (in VII) results in a displacement of the charac- 
teristic 280 mu band to 243 muy, and in an increase of its intensity. Similar 
shifts accompany the acetylation of the diosphenol forms of cholestane- 
2,.3-dione (11) and cholestane-3 ,4-dione (12). 
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EXPERIMENTAL 


3-Acid Succinate of Methyl 3(a),12(a ?)-Dihydroxy-11-ketocholanate 
(I1)—A solution of 5 gm. of the methyl ester I and 11.8 gm. of succinic 
anhydride in 150 cc. of dry pyridine was allowed to stand at room tempera- 
ture for 3 days, then boiled for 1 hour, and freed from most of the solvent 
by distillation in vacuo. The residual solution was poured into ice water, 
and the precipitated material extracted twice with 500 cc. of ether. The 
ether solution was washed several times with dilute hydrochloric acid and 
then extracted with three 200 cc. portions of 1 N potassium carbonate 
solution. The latter was acidified and extracted with ether. The dried 
ether solution on evaporation yielded about 4 gm. of a crystalline mass 
(m.p. 126—135°) which after two recrystallizations from small volumes of 
90 per cent methanol weighed 2.4 gm. and melted at 139-143°. On further 
recrystallization of a small sample from 60 per cent ethanol platelets 
which melted at 142—143° after sintering at 140° were obtained. However, 
with some other batches the melting point remained unsharp at 138—142°, 
and could not be improved by changing the solvent used for recrystalliza- 
tion (ether-hexane). 


Analysis—CoHyOs. Calculated, C 66.88, H 8.52; found, C 66.43, H 8.36 


11.91 mg. required 2.24 ec. of 0.01 nN NaOH for neutralization; calculated, 
2.29 ce. 

Treatment of 52 mg. of the succinate with an ethereal solution of diazo- 
methane afforded the dimethyl ester III, which after two recrystallizations 
from methanol melted at 84—86°. 


Analysis—CyHywOs. Calculated, C 67.37, H 8.68; found, C 67.54, H 8.85 


3-Acid Succinate of Methyl 3(a)-Hydroxy-11 ,12-diketocholanate (IV )— 
4.4 gm. of the crude succinate II (m.p. 126—-135°) were dissolved in 40 ce. 
of acetic acid (distilled over chromium trioxide). The solution was cooled 
to near ice temperature, and 621 mg. of chromium trioxide (equivalent to 
1.1 atoms of oxygen) dissolved in 5 ec. of cold 90 per cent acetic acid were 
added in small portions in the course of 10 minutes. On standing at room 
temperature a crystalline precipitate formed, which after 1 hour was 
separated from the purple-green supernatant by filtration, washed with cold 
80 per cent ethanol, and dried. The crystalline product (1.25 gm., m.p. 
182-188°) was recrystallized several times from 90 per cent ethanol, where- 
by it yielded 897 mg. of fine platelets with a constant meiting point of 188- 
193°. The compound is fairly soluble in cold ethanol and acetone, but 
sparingly soluble in ether; [a]?4 = + 106° (1.15 per cent in acetone). 
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Analysis—CyHwOs. Calculated, C 67.16, H 8.16; found, C 67.01, H 8.14 


The absorption spectrum in ethanol showed a maximum at 284 my 
(e = 140) and a minimum at 250 mu (e = 65). 

The filtrate from the crude crystals was brought to dryness in vacuo 
and the residue distributed between water and ether containing 10 per cent 
of acetone. Three extractions with 450 ec. of this solvent mixture were 
necessary to bring all the material into solution. The combined ether 
solutions were thoroughly washed with water, dried, and evaporated. By 
recrystallization of the residue 830 mg. of the ester (m.p. 186-191°) were 
recovered. 

The succinate IV differs from the unoxidized compound II by its low 
solubility in ether, and by its capacity to form an insoluble crystalline 
sodium salt when its ethereal solution is distributed with aqueous sodium 
carbonate. However, attempts to utilize these properties for purification 
did not result in improved yields or preparations with sharper melting 
points. 

A solution of partially purified succinate [V (200 mg., m.p. 181-186°) 
in 5 ec. of absolute ethanol containing 0.5 cc. of 85 per cent hydrazine 
hydrate was boiled for 17 hours. The crystals which separated on cooling 
(42 mg., m.p. 165-167.5°) were collected and recrystallized from 95 per 
cent alcohol. They were identified by analysis as succinic acid dihydrazide. 


Analysis —C,H,oO.N,. Caleulated. C 32.85, H 6.90, N 38.3 
Found. ~~ ane, 78," BZ 


The filtrate and washings were evaporated tn vacuo and a few cc. of water 
were added to the crystalline residue. After standing overnight in the 
refrigerator, the crystals were filtered off and washed with cold water. 
The product (131 mg.) melted over a range of 140-170°. It was recrystal- 
lized twice from 25 per cent ethanol and then twice from 50 per cent 
methanol. The platelets thus obtained (58 mg.) melted with gas evolution 
at 150° after sintering at 144°. According to the analysis the compound 
must be the 12-hydrazone of 3(a)-hydroxy-11,12-diketocholanic acid 
hydrazide. 


Analysis —CyHwO;N,. Calculated. C 66.61, H 9.33, N 12.96 
Found. a. ”) | Bee 


The fact that the compound is derived from the diketo form of the acid 
follows from the negative ferric chloride reaction and from the ultraviolet 
absorption characteristics (maximum at 301 my, « = 238; minimum at 
about 245 mu, « = 100; the exact position of the minimum is obscured by 
several very small secondary maxima at 243, 250, 256, and 263 mu). The 
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shift of the main band from its position in IV towards the red end of the 
spectrum and the increase in its intensity is comparable to the ‘‘semi- 
earbazone shift’? observed with a,6-unsaturated ketones. 

3(a) ,11-Dihydroxy-12-keto-A°:"-cholenic Acid (V)—-812 mg. of the suc- 
cinate IV (m.p. 187—191°) were dissolved in 30 cc. of methanolic 0.5 N 
potassium hydroxide solution. After standing at room temperature for 48 
hours, the mixture was separated in the usual manner into neutral and 
acidic fractions. ‘The acidic material (648 mg.) was dissolved in a small 
amount of absolute ether, from which it crystallized slowly in the form 
of large prisms. Recrystallization from 50 per cent ethanol yielded 497 
mg. melting at 165-167° after slight sintering at 160°. Further recrystal- 
lization did not change the melting point. An ethanolic solution of the 
acid gave the characteristic blue-green ferric chloride reaction described 
for 11-hydroxy-12-keto-A* "-cholenic acid (3, 4); [a]?? = +91.1° (1.0 per 
cent in ethanol). 

Analysis—CHz-Os. Caleulated, C 71.24, H 8.97; found, C 71.16, H 9.12 


The absorption spectrum in ethanol showed a single maximum at 281 my 
(e = 7000). 

Methyl 3(a) ,11-Dithydroxy-12-keto-A°:"-cholenate (VI)—The neutral frac- 
tion from the hydrolysis experiment yielded needle-shaped crystals melting 
at 57-70°, which could not be effectively purified. Since they gave a strong 
ferric chloride test and showed the same absorption spectrum as V, they 
undoubtedly consisted for the most part of the methyl ester VI of the eno- 
lized acid. A somewhat better preparation of this ester was obtained by 
treating the acid V (105 mg.) with a slight excess of diazomethane in ether 
(to persistence of a faint yellow color). The residue of the ether solution 
was taken up in | ec. of ether. Addition of 3 ce. of pentane and seeding 
with the crystals from the hydrolysis experiment caused immediate crystal- 
lization. The apparently homogeneous needles thus obtained (92 mg.) 
melted at 68-75°. The melting point was not materially changed by two 
subsequent recrystallizations from the same solvents; [a]? = +101° 
(0.91 per cent in ethanol). 

Analysis—C.,H;s0;. Caleulated, C 71.72, H 9.15; found, C 71.55, H 9.41 


The absorption spectrum showed the maximum at 280 my characteristic 
for the enol form (€ = 5200). 

In another experiment in which the acid was allowed to react with a 
slight excess of diazomethane at 4° for 12 hours platelets were obtained 
which after recrystallization melted at 80-122°. The unsatisfactory melt- 
ing point properties of the compound may be due to the presence of some 
of the diketo form, as indicated by the low e, and of small amounts of the 
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11-methoxy methyl ester formed by the participation of the enolic hydroxy] 
group in the reaction with diazomethane. 

Methyl 3(a) ,11-Diacetory-12-keto-A°:"- cholenate (VIT)—60 mg. of the 
crude methyl] ester obtained by methylation at 4° were treated with 1 ¢¢. 
of pyridine and 0.5 ec. of acetic anhydride at room temperature. After 
3 days the mixture was worked up in the usual way. The crude produet 
(63 mg., m.p. 118-136°) was recrystallized twice from ether-pentane, from 
which it formed rosettes of platelets melting at 123—128°. 


Analysis—CogHwO;. Caleulated, C 69.28, H 8.43; found, C 69.20, H 8.49 


Another independently prepared specimen melted at 161° after sintering 
at 120°; found, C 69.61, H 8.48. 

The absorption spectrum in ethanol showed a single maximum at 24 
mu (€ = 7800). 

Methyl 3(a)-Acetoxy-11-hydroxycholanate (VIJI)—A mixture of 1.5 gm. 
of partially purified succinate IV (m.p. 182-188°), 1.5 gm. of sodium, 20 
cc. of absolute ethanol, and 1.5 ec. of hydrazine hydrate was heated in a 
bomb tube at 200° for 6 hours. The solution was diluted with water, 
acidified, and extracted with ether. The well dried residue of the ether 
solution was esterified with diazomethane and then acetylated with pyridine 
and acetic anhydride (room temperature, 24 hours). The neutral fraction 
(1.1 gm.) was dissolved in 50 cc. of benzene-hexane, 1:4, and adsorbed ona 
column (20 X 300 mm.) of aluminum oxide. The column was washed 
consecutively with 500 cc. each of (a) benzene-hexane, 1:4, (6) benzene- 
hexane, 1:1, (c) benzene, and (d) ether. The effluent solutions were col- 
lected in 50 ce. portions. The material eluted with mixture (a) was mostly 
crystalline and on recrystallization from methanol yielded 53 mg. of un- 
saturated esters melting at 124-126°. Eluates (b), (c), and (d) were 
amorphous, but most of the fractions in (c), together 286 mg., crystallized 
when they were dissolved in a little absolute ether, and hexane was added 
toturbidity. The crude crystals were collected (137 mg., m.p. 131-145°) 
and recrystallized from the same solvent mixture, yielding 90 mg. of rods 
melting at 146-148°. Further recrystallization did not change the melting 
point; [a]** = +56.1° (0.945 per cent in chloroform). 


Analysis—C.;HyOs. Calculated, C 72.28, H 9.89; found C 72.39, H 9.80 


Methyl 3(a)-Acetoxry-11-ketocholanate (IX)——The ester VIII (42 mg.) 
was dissolved in 1.8 ec. of acetic acid containing 18.5 mg. of chromium 
trioxide. The solution was allowed to stand 17 hours at room temperature 
and then worked up in the usual way. The crude product (41 mg., mp. 
128-131°) was recrystallized from ether-pentane, from which it formed 
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hexagonal platelets melting at 130-132°; [a]3? = +66.3° (0.91 per cent in 
acetone). 
Analysis—C27H,-Os5. Calculated, C 72.61, H 9.48; found, C 72.49, H 9.45 


SUMMARY 


The preparation, properties, and various derivatives of 3(a)-hydroxy-11,- 
12-diketocholanic acid are described. The free acid, obtained by alkaline 
hydrolysis of the corresponding 3-succinoxy methyl ester, exists actually 
in the enolic form, that is as 3(@) , 11-dihydroxy-12-keto-A®:"'-cholenic acid, 
whereas the succinoxy ester represents the diketo form. 

The Wolff-Kishner reduction of this acid yielded besides unsaturated 
acids a 3(a), 11-dihydroxycholanic acid, isolated in the form of the methyl 
3(a)-acetoxy-11-hydroxycholanate, previously obtained via a different 
route by Lardon and Reichstein (5). 


The microanalyses reported in this paper were carried out by Mr. J. F. 
Alicino of this Division. 

We are greatly indebted to Dr. N. H. Coy of the Biological 
Laboratories of E. R. Squibb and Sons for the ultraviolet absorption 
measurements. 
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LETTERS TO THE EDITORS 





EVIDENCE FOR THE EXISTENCE OF AN UNIDENTIFIED 
GROWTH STIMULANT IN PROTEINS* 


Sirs: 


Recently, Woolley and his associates have presented evidence for the 
existence in proteins of an unidentified component which stimulates the 
growth of certain microorganisms,' and which appears to improve the 
rate of gain of mice receiving a ration in which the nitrogen is furnished in 
the form of acid-hydrolyzed casein supplemented with cystine and tryp- 
tophane.2 This substance has tentatively been given the name 
“strepogenin.’” 

For the past 3 years, investigations which may be related to those of 
Woolley have been under way in this laboratory. Attention has been 
directed toward discovering an explanation for the divergence in the 
growth rate of animals (rats) upon diets containing (1) mixtures of puri- 
fied amino acids and (2) native proteins. / 

Considerable improvement over the growth observed in our earlier 
studies has been induced by the use of more adequate vitamin supplements 
than were available previously, and by certain alterations in our basal 
rations. However, even with these modifications, the gains are distinctly 
inferior to those induced uniformly by rations containing proteins of 
superior quality. This is exemplified by the fact that the average gain in 
28 days of forty-seven male weanling rats receiving a diet containing 18 
per cent of casein plus 0.2 per cent of dl-methionine was 143 + 1.1 gm., 
while the average gain for the same period of 152 male rats upon a diet 
carrying nineteen amino acids was 97 + 0.7 gm. The accompanying table 
summarizes the effects exerted by replacing part of the amino acid mix- 
ture by an equal weight of whole or hydrolyzed protein. The total gains 
are to be compared with the figure (97 + 0.7 gm.) given above. 


* Aided by grants from the Rockefeller Foundation, the Nutrition Foundation, 
and the Graduate School Research Fund of the University of Illinois. 

'Sprince, H., and Woolley, D. W., J. Am. Chem. Soc., 67, 1734 (1945). 

? Woolley, D. W., ./. Biol. Chem., 169, 753 (1945). 

*Sprince,"H., and Woolley, D. W., J. Exp. Med., 80, 213 (1944). 
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Amount : — Average total gain in 
Supplement in diet No. of rats 28 days with P.e.w. 
per cent gm “a 
Whole casein 5 10 126 + 2.5 
Acid-hydrolyzed casein* 5 7 105 + 2.9 
‘ - ; 10 7 114 + 3.1 
Whole fibrin 5 5S 123 + 0.9 
Acid-hydrolyzed fibrint 5 30 117 + 1.0 


* Hydrolyzed for 16 hours. 
+ Hydrolyzed for 4 hours. 


Although in some tests the number of animals was small, the results 
are sufficiently clear cut to demonstrate that the inclusion of 5 per cent of 
either casein or fibrin in the diet exerts a distinct effect upon growth, 
On the other hand, complete hydrolysis with acid (16 hours) destroys most 
of the activity, while partial hydrolysis (4 hours) is not so detrimental. 

Attempts to concentrate the active material have yielded extremely 
variable results. In some instances, active fractions have been obtained 
from incompletely hydrolyzed proteins; in others, for no obvious reasons, 
apparently identical methods have yielded negative findings. Tests have 
been applied to seventeen additional proteins and protein-rich foods. All 
materials examined have shown activity, with the possible exception of 
oxyhemoglobin from sheep blood, but none was more potent than casein 
and fibrin. 

These findings are believed to point to the presence in proteins of an 
unidentified substance which, like arginine, is not necessary for fairly rapid 
gains, but is required for maximum increases in weight. Whether the 
substance is identical with strepogenin remains to be established. Our 
investigations are being continued. 


Division of Biochemistry MapELYN Womack 
Noyes Laboratory of Chemistry WitiraM C, Rose 
University of Illinois 
Urbana 


Received for publication, December 15, 1945 
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THE NUTRITION OF LACTOBACILLUS GAYONITI 


Sirs: 


Recent work of Cheldelin, Riggs, and Sarett! on the nutrition of Lacto- 
bacillus gayonii 8289 indicated that an essential factor of unknown com- 
position was necessary for growth of this organism. 

On a basal medium, containing the known essential and stimulatory 
factors required by the lactic acid bacteria, we have found that the factor 
is merely stimulatory in nature. 

In preliminary work on the isolation of the factor it was noted that there 
was marked destruction of activity by such commercial enzyme prepara- 
tions as taka-diastase or clarase. The pH optimum of the inactivation was 
4.0. This suggested that the active enzyme could be a phosphatase and 
that inactivation wae proceeding by liberation of phosphorus from the 


TABLE I 


Amounts of Substances Necessary to Promote Half Maximum Growth of 
Lactobacillus gayonti 








Adenylic, guany- 
Hydrolyzed yeast ok te ee a a - by 
matibte acid Adenylic acid Guanylic acid Uridylic acid Cytidylic acid Me, aie oe = 
+ per 10 ml. + per 10 ml. + per 10 ml. ¥ per 10 ml. + per 10 ml. ¥ each per 10 mil. 
82 300 212 168 150 38 











factor. As the most likely series of compounds would be the nucleotides, 
an ammonia-hydrolyzed preparation of yeast nucleic acid® was tested for 
its ability to support growth of Lactobacillus gayonii. Such a preparation 
was found to be highly active. 

The results with the hydrolyzed yeast nucleic acid, the nucleotides, and 
a combination of the nucleotides are presented in Table I. Any one of the 
four nucleotides is able to support growth of Lactobacillus gayonii. The 
most active compound is cytidylic acid. The nucleotides are less active 
than the hydrolyzed nucleic acid. This suggests that the nucleic acid 
contains some factor that makes the organism more sensitive to the 
nucleotides. 

Only one nucleoside was available for comparison. Guanosine was 
found to be inactive. Further evidence for the inactivity of the nucleosides 
was obtained by incubating hydrolyzed yeast nucleic acid or the nucleotides 
with taka-diastase. Representative data for hydrolyzed yeast nucleic 


' Cheldelin, V. H., Riggs, T., and Sarett, H. P., Federation Proc., 4, 85 (1945). 
* Levene, P. A., J. Biol. Chem., 38, 425 (1918). 
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acid, adenylic acid, and uridylic acid are presented in Table II. The ratio 
of the per cent phosphorus liberation to per cent inactivation is approxi- 
mately constant and nearly equal to unity. This concomitant inactivation 


TABLE II 


Enzyme Inactivation of Hydrolyzed Yeast Nucleic Acid, Adenylic Acid, 
and Uridylic Acid 


























| ’ | ; | Per cent P 
Substrate wre - am Incubation | P liberated | Inactivation pi 
dec | Per cent 
inactivation 
me. me. hrs. per cent per cent 
Hydrolyzed 10 None | 24 None None 
yeast nucleic 10 20 6 38.31 46.0 0.83 
acid 15 20 | 6 47.7 54.4 0.88 
15 20 24 70.68 78.4 0.90 
15 50 | 24 79.13 85.1 0.93 
Adenylic acid 8 0 | 6 | 31.77 28.06 1.13 
8 Yn 95.95 97.7 0.98 
Uridylie acid 8 40 | 6 | 76.7 78.58 0.98 
8 | he 24 100.0 99.0 1.01 








with phosphorus liberation, taken in conjunction with the inactivity of 
guanosine, strongly suggests that the nucleosides are inactive for this 


organism. 
Lederle Laboratories, Inc. B. L. Hurcuines 
Pearl River, New York N. H, SLOANE 


E,. Boaatano 


Received for publication, January 17, 1946 
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SUCCINIC DEHYDROGENASE OF MAMMALIAN LIVER 


Sirs: 

In the course of a series of experiments designed to determine the dis- 
tribution within the normal and malignant cell of a number of enzymes, 
use has frequently been made in this laboratory of a neutral saline extract 
containing the cytoplasmic components of mammalian liver cells. The 
preparation and fractionation of the ‘“‘cytoplasmic extract’? have been 
earried out according to the method of Claude.' In the case of rat liver® 
it was found that approximately 70 per cent of the cytochrome oxidase and 
succinoxidase activity of the extract could be recovered in the large granule 
or mitochondrial fraction (sedimentable at 2700 X g for 20 minutes). A 
smaller particulate component (sedimentable at 18,000 < g for 90 minutes) 
had very little activity, and the remaining soluble material of the extract 
had none. 

Further studies of the succinoxidase present in the mitochondrial fraction 
showed that the activity of the system, as determined aerobically with 
added cytochrome c, declined rapidly when the granules were suspended in 
hypotonic media (0.01 m NaHCO), whereas the succinic dehydrogenase 
activity, as determined anaerobically by the ferricyanide technique,’ 
declined slowly. If the granules were repeatedly washed with hypotonic 
media, however, the anaerobic activity could also be reduced to low levels. 
It was noted that the soluble material obtained by the initial treatment of 
the granules with 0.01 m NaHCO; consistently possessed faint but definite 
succinic dehydrogenase activity. The latter finding suggested that the 
dehydrogenase is a soluble enzyme but bound too firmly to particulate 
material to be separated by simple aqueous extraction. 

After a number of attempts it has been found possible to obtain clear 
solutions showing fairly high succinic dehydrogenase activity by the follow- 
ing procedure. The mitochondrial fraction of guinea pig liver is isolated, 
washed once with 0.85 per cent NaCl containing 0.025 m NaHCOs, and 
firmly packed by centrifugation at 18,000 X g for 1 hour. The granules 
are then treated twice with cold acetone, dried quickly in vacuo, and ex- 
tracted for 18 hours at 0° with 0.01 m NaHCO ;. The clear yellow solutions 
obtained by centrifugation of the bicarbonate extract mixtures at 18,000 
X g for 1 hour have shown QQG, values of 150 to 300 by the ferricyanide 
method with succinate as substrate. It is estimated that the amount of 


‘Claude, A., in Biological symposia, Lancaster, 10, 111 (1943). Claude, A., J. 
Exp. Med., in press. 

* Hogeboom, G. H., Claude, A., and Hotchkiss, R. D., unpublished experiments. 

* Quastel, J. H., and Wheatley, A. H. M., Biochem. J ., 32, 936 (1938). 
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dehydrogenase which can be obtained in solution by this method represents 
a yield of approximately 10 per cent of the activity originally present in 
the granules. 

Preliminary studies of the soluble succinic dehydrogenase indicate that 
the enzyme can be precipitated with (N H,4)2SO, between 20 and 50 per cent 
saturation with very little loss. When redissolved in 0.01 Mm NaHCO,, this 
(NH,).SO, fraction retained 90 per cent of its original activity after standing 
for 4 days at 0° and was not affected by 18 hours dialysis against 0.01 
NaHCO;. Cytochrome oxidase is apparently not present either in the 
bicarbonate extract or in the dialyzed (NH,).SO, fraction, since both solu- 
tions reduce cytochrome c in the presence of air. The rate of reduction of 
cytochrome c is not accelerated, however, by the addition of succinate. 

Further studies of the succinic dehydrogenase present in the mito- 
chondrial fraction of mammalian liver will be reported in the near future. 


The Rockefeller Institute for Medical Research Georce H. Hoaesoom 
New York 


Received for publication, February 7, 1946 


























THE DEMETHYLATION OF N!-METHYLNICOTINAMIDE AND 
THE INFLUENCE OF THE METHYL GROUP ON 
THE FATTY LIVER OF RATS 


Sirs: 

Control rats of comparable age and weight were fed the Griffith and 
Wade diet! with glycocyamine, 10 mm per kilo of diet. Experimental 
rats were fed N'-methylnicotinamide in addition. It was anticipated that 
demethylation would result in the release of nicotinamide, which would 
be reflected in a high urinary output of the vitamin. Furthermore, 
creatine and creatinine formation might be enhanced and would be similarly 
excreted. Lastly, the available methyl group would prevent or diminish 
fat deposition in the livers of rats fed such a diet. 


Liver fat 








Rat No. Diet supplement (wet weight) Average 
per cent per cens 
1 Glycocyamine 36.1 
2 = 39.1 
3 39.7 
{ 34.7 37.4 
5 N'-methylnicotin- 24.5 
amide, 2% 
6 Glycocyamine ,N!-methylnicotin- 8.2 
amide, 2% 
7 Glycocyamine ,N!-methylnicotin- 10.6 
amide, 2% 
8 Glycocyamine,N'-methylnicotin- 23.5 16.7 


amide, 2° 


Fight adult rats (litter mates) were placed in metabolism cages. Four 
ingested the diet with glycocyamine. The other four, after a control 
period of 10 days, were given in addition 1 per cent N'-methylnicotinamide 
incorporated in the diet. The daily urinary output of nicotinic acid in the 
first group averaged 4.5 y per rat per day throughout the experiment. 
In the second group the level rose from an average of 3.5 y during the con- 
trol period to 11.8 y after N'-methylnicotinamide ingestion. This persisted 
for the 3 months of the experiment. There was no noticeable difference in 
the urinary output of creatine and creatinine between the two groups 
throughout the experiment. When 1 per cent methionine was used 
instead of N'-methylnicotinamide on a group of eight rats similarly treated, 


' Griffith, W.H., and Wade, N.J., J. Biol. Chem., 182, 627 (1940). 
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the creatine and creatinine output was similarly unaffected. The excretion 
of these two substances, therefore, was not a useful criterion. 

To test the effect on fatty livers, eight 3 week-old litter mates were 
used. Four ingested the diet with glycocyamine. The remaining four 
were fed in addition 2 per cent N'-methylnicotinamide. The rats were 
sacrificed 30 days after the beginning of the experiment for liver fat analysis, 

The table shows that rats fed N'-methylnicotinamide averaged less than 
half the amount of fat found in the controls. This is particularly pro- 
nounced in two of the rats. 

These results suggest that N'-methylnicotinamide is demethylated with 
the release of nicotinamide. This explains our finding? that the compound 
possesses antipellagra activity in the dog. The effect on fat deposition in 
the liver suggests that the methyl group is biologically active. Further 
confirmation with a large group of rats is in progress. 


Departine nlof Pediatrics Vicror A. Nagiar 
Harriet Lane Home CAROLYN C.D gat 
Johns Hopkins Hospital 


Saltimore 
Received for publication, February 8, 1946 


? Najjar, V. A., Hammond, M. M., English, M. A., Wooden, M. B., and Deal, C.C., 
Bull. Johns Hopkins Hosp., 74, 406 (1944). 
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A COMMON FACTOR IN THE ENZYMATIC ACETYLATION OF 
SULFANILAMIDE AND OF CHOLINE* 


Sirs: 

The enzymatic condensation of sulfanilamide and acetate, with adeny| 
pyrophosphate as an energy donor, had been found dependent on a heat- 
stable coenzyme.' Recently, by fractionation of pork liver, a relatively 
concentrated preparation of this coenzyme was obtained, about 100 times 
the strength of the original boiled liver extracts. During the process of 
purification we became increasingly aware of the great similarity between 
our acetylation system in liver and the one, described by Nachmansohn 
and Machado, in the brain extracts which combines choline with acetate, 
with adenyl pyrophosphate again acting as condensing agent. 

It seemed likely then that the coenzyme, active in the acetylation in 
liver, might also be a factor in acetylation in brain. The observations of 
Nachmansohn and his coworkers*?:* on partly reversible inactivation by 
various mild procedures were furthermore suggestive. It was therefore 
decided to test our purified coenzyme on the acetylation system in brain. 
Very active enzyme extracts were prepared for this purpose by extraction of 
acetone brain powder*:‘ (pigeon). Reversible inactivation was obtained 
either by autolysis for 20 hours at 5° or by dialysis against 0.1 mM potassium 
chloride solution for 2 hours at room temperature. The latter procedure 
gave more consistent results and it was used in the following experiment. 

Each tube contained 0.5 ml. of dialyzed and thoroughly centrifuged ex- 
tract of pigeon brain, corresponding to 25 mg. of acetone brain powder, in a 
total volume of 1.0 ml. The final concentration of additions was 0.01 m 
sodium fluoride, 0.004 m choline chloride and sodium acetate, 0.01 m 
sodium citrate, 0.015 m cysteine, 0.005 m sodium adenyl pyrophosphate, 
and 0.5 mg. per ml. of eserine. The tubes were incubated for 70 minutes at 
37°. 


Coenzyme added, y 0 13 26 104 208 
Acetylcholine formed 200 1010 1120 1440 1360 
per gm. acetone 
powder, + 


Acetylcholine was determined by the frog rectus method of Chang and 
Gaddum* in the manner described by Nachmansohn and Machado.” 


*This work was supported by a grant from the Commonwealth Fund. 
 Lipmann, F., J. Biol. Chem., 160, 177 (1945). 

* Nachmansohn, D., and Machado, A. L., J. Neurophysiol., 6, 397 (1943). 
* Nachmansohn, D., and John, H. M., J. Biol. Chem., 168, 157 (1945). 

* Feldberg, W., and Mann, T., J. Physiol., 104, 8 (1945). 

* Chang, H. C., and Gaddum, J. H., J. Physiol., 79, 255 (1933). 
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744 LETTERS TO THE EDITORS 


It appears that the coenzyme which we had isolated, using as a test 
system the acetylation of sulfanilamide in liver, is likewise a coenzyme for 
the choline-specific acetylation system in brain. In addition to the coen- 
zyme, both systems require cysteine, citrate, or both? * for full activation, 
By comparison with similar systems we assume that our best coenzyme 
preparation may contain 5 to 10 per cent of the pure substance. The 
present preparation contained 13.6 per cent nitrogen and 5.7 per cent 
phosphorus. 


Biochemical Research Laboratory Fritz LirpMann 
Massachusetis General Hospital NATHAN QO. Kaptan 
Boston 


Received for publication, February 13, 1946 
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ISOLATION OF ANDROSTANE-3 (a), 11-DIOL-17-ONE FROM THE 
URINE OF NORMAL MEN 


Sirs: 

Isolation of androstane-3 (a), 11-diol-17-one from the urine in cases of 
adrenal cortical tumor and adrenal cortical hyperplasia! stimulated interest 
in the possible occurrence of this substance in normal urine. A pool of 
105 liters of urine was collected from six normal men 30 to 46 years of age. 
The urine was collected in 5 gallon bottles containing 90 ml. of concen- 
trated hydrochloric acid and 300 ml. of toluene. It was processed as 
previously described. The ketonic fraction was dissolved in benzene and 
chromatographed on a column of alumina (Merck, Rahway, New Jersey, 
standardized according to Brockmann). The various fractions were 
eluted with benzene and with benzene containing increasing amounts of 
isopropyl alcohol. The fraction eluted with benzene containing 0.02 
volume of isopropyl alcohol weighed 31 mg. after recrystallization from 
acetone and ethyl acetate and melted at 196-198°; [a]2° = +94.8° + 3°. 
A mixture with androstane-3(a),11-diol-17-one (m.p. 197-198°; [a]?? = 
+96.6° + 2°) melted at 196-198°. The acetate, prepared with acetic 
anhydride and pyridine, melted at 238-240°; the melting point was not 
depressed by admixture of androstane-3(a)-acetoxy-11-ol-17-one. Thus 
androstane-3(a),11-diol-17-one was isolated in the amount of 0.3 mg. per 
liter from the pooled urine of six normal men. This amount is considerably 
less than the amounts that were isolated (1.5 to 2.1 mg. per liter) from 
the urine in two cases of adrenal cortical tumor and four of adrenal cortical 
hyperplasia. In one case of tumor, however, the amount was 0.26 mg. per 


liter. 


Division of Biochemistry Haroip L. Mason 


Mayo Foundation 
Rochester, Minnesota 


Received for publication, February 16, 1946 


‘Mason, H. L., J. Biol. Chem., 158, 719 (1945). Mason, H. L., and Kepler, E. J., 
J. Biol. Chem., 161, 235 (1945). 
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INDEX TO SUBJECTS 


A 


Acetate(s): Oxidation, ketone bodies, 
relation, Medes, Floyd, and Wein- 
house, 

Acetoxy-11-keto-12-bromocholanate:  3- 
(a)-, methyl, oxidation, Clark, 
Brink, and Wallis, 663 

Acetylcholine: Synthesis, glycolysis and 
related compounds, effect, Torda 
and Wolff, 149 

Acetylpyridine: 3-, tryptophane relation, 
Woolley, 179 

Adenine: Dinucleotide, flavin, Lacto- 
bacillus casei utilization, riboflavin 
analogues, effect, Sarett, 87 

Adenosinetriphosphatase: Creatine ef- 
fect, Price and Cori, 393 

Myosin, separation, Price and Cori, 


393 

Adrenal(s): Cortex hormone, related 
compounds, synthesis, partial, Gal- 
lagher, 491 
Gallagher and Long, 495 
Long and Gallagher, 511 
Gallagher and Long, 521 
Gallagher and Hollander, 533 
Gallagher, 539 
Hollander and Gallagher, 519 


Albumin: Blood serum, fatty acids and 


related compounds, combination, 
Boyer, Lum, Ballou, Luck, and 
Rice, 181 
Boyer, Ballou, and Luck, 199 


_ and related compounds, 
combination, heat effect, Boyer, 
Lum, Ballou, Luck, and Rice, 181] 
—_e. and related compounds, 
combination, urea and guanidine 
effect, Boyer, Ballou,and Luck, 199 

Amino acid(s): Streptococcus faecalis re- 


quirements, Greenhut, Schweigert, 
and Elvehjem, 69 
Tolerance, injection effect, Howe, 


Unna, Richards, and Seeler, 395 
Aminobenzoic acid: p-, growth trans- 
formations, effect, Shire and Roberts, 
463 








i 


Amylose: Pea starch, Hilbert and Mac- 
Masters, 229 
Androstane-3 (a) , 11-diol-17-one: Urine, 
isolation, Mason, 745 
Anemone pulsatilla: Antibacterial agent, 
Baer, Holden, and Seegal, 65 
Anoxia: Carbohydrate metabolism, ribo- 
flavin effect, Wickson and Morgan, 
209 

Antibacterial agent: Anemone pulsatilla, 
Baer, Holden, and Seegal, 65 
Antibiotic principle(s): Aspergillus 
ustus, isolation, distribution method, 
Hogeboom and Craig, 363 
Aspartic acid: Growth transformations, 


effect, Shive and Macow, 451 
Aspergillus ustus: Antibiotic principles, 
isolation, distribution method, 


Hogeboom and Craig, 363 
Azotobacter: Respiration, growth sub- 
strate, effect, Harris, 11 


B 


Bacillus: See also Lactobacillus 

Bacteria: Lactic acid, pyridoxine fune- 
tion, Lyman, Moseley, Wood, Butler, 
and Hale, 173 

See also Antibacterial agent, Azoto- 

bacter, Streptococcus 

Benzoic acid: p-Amino-. 
zoie acid 


See Aminoben- 


Bile acid(s): Silver salts, bromine 
degradation, Brink, Clark, and 
Wallis, 695 


Steroids, McKenzie, McGuckin, and 
Kendall, 555 
Engel, Mattox, Mc Kenzie, McGuckin, 
and Kendall, 565 
Turner, Matior, Engel, McKenzie, 
and Kendall, 571 

Blood plasma: Proteins, growth effect, 


Lewis, 473 
Blood serum: Albumin, fatty acids and 
related compounds, combination, 
Boyer, Lum, Ballou, Luck, and 
Rice, 181 
Boyer, Ballou, and Luck, 199 
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Blood serum— continued: 

Albumin, fatty acids and related com 
pounds,combination, heateffect, Boy- 
er, Lum, Ballou, Luck,and Rice, 181 

- related compounds, com- 

bination, urea and guanidine effect, 


Boyer, Ballou, and Luck, 199 
Globulins, lecithinase effect, Peter- 
mann, 37 


Phosphatase, alkaline, liver disease, 
effect, Drill and Riggs, 
Protein, homomolecular, 
Lerner and Greenberg, 429 
Thymol turbidity reaction, determina- 
tion, Shank and Hoagland, 133 
Bromine: Bile acid silver salts, degrada- 


tion, Brink, Clark, and Wallis, 695 
Cc 
é Carbohydrate(s): Metabolism, Stetien | 
and Klein, 377 


anoxia, riboflavin effect, Wickson 


’ 


| 
| 


21 | 
solubility, | 


: and Morgan, 209 
, insulin effect, Stetten and Klein, 
377 
Q Carboxylase: Co-, hydrolysis, yeast and 
{ wheat embryo, use, Sure, 139 
; Casein: Enzymes, proteolytic, effect, | 
| Eldred and Rodney, 261 | 
ie Chick: Vitamin B complex requirement, | 
Petering, Marvel, Glausier, and Wad- | 
dell, 477 | 
Cholanic acid: 3(a),11(@)-Dihydroxy-, 
: preparation, Long and Gallagher, 
511 
Gallagher and Long, 521 
i 3(a), 11-Dihydroxy-12-keto-, chemical 
/ constitution, Gallagher, 539 


3(a), 11(a)-Dihydroxy-12-keto-, prep- 
aration, Gallagher and Hollander, 


i 533 

3(@),12-Dihydroxy-l1-keto-,  Wolff- 
Kishner reduction, Wintersteiner, 
Moore, and Reinhardt, 707 | 


3(a)-Hydroxy-11,12-dibromo-, related 


compounds and, Engel, Mattor, | 
McKenzie, McGuckin, and Kendall, 
565 
3(a)-Hydroxy-11, 12-diketo-, Wolff- 
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Kishner reduction, Wintersteiner and | 
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Cholanic acid—continued: 
Side chain, degradation, 
and Gallagher, 


Hollander 
549 
Cholenic acid: A*:"'-, derivatives, Turn. 
er, Mattor, Engel, McKenzie, and 


Kendall, 571 
3(a)-Hydroxy-A*-"'-, derivatives, chem- 


ical constitution, Sarett, 591 
3(@)-Hydroxy - A*"-, preparation, 
Hicks, Berg, and Wallis, 633 


3(a@)-Hydroxy-A"-, desoxycholic acid, 


preparation from, Mc Kenzie, 
McGuckin, and Kendall, 555 
A"-Litho-, chemical constitution, 
Gallagher, 49] 

—, epoxide, reactions, Gallagher and 
Long, 495 
Cholesterol: Liver, synthesis, Bloch, 
Borek, and Rittenberg, 441 


Cholic acid: Desoxy-, 3(a)-hydroxy-a"- 


cholenic acid preparation, Me- 
Kenzie, MecGuckin, and Kendall, 

555 
, Ring C, chemistry, Brink and 
Wallis, 667 


Choline: Acetyl-, synthesis, glycolysis 
and related compounds, effect, 
Torda and Wolf, 149 

Acetylation, enzymatic, Lipmann and 
Kaplan, 743 
Liver phospholipids, effect , radioactive 
phosphorus in study, /ntenman, 
Chaikoff, and Friedlander, lll 


Precursor, isolation and identification, 


Horowitz, 413 
Cocarboxylase: Hydrolysis, yeast and 
wheat embryo, use, Sure, 139 


Creatine: Adenosinetriphosphatase, 
effect, Price and Cori, 393 
Phosphoric acid, fish testes, prepara- 


tion, Greenwald, 239 
Testis, invertebrates, Greenwald, 239 


Cytochrome oxidase: Desoxyribonucleic 


acid effect. Zittle, 287 

Ribonucleic acid effect, Zittle, 287 
D 

Dehydrogenase: Succinic, desoxyribo- 

nucleic acid effect, Zittle, 287 

—, liver, Hogeboom, 739 

—, ribonucleic acid effect, Zittle, 287 
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SUBJECTS 757 


Dehydropeptidase: Tissue, activity, 
Greenstein and Leuthardt, 175 
Desoxycholic acid: 3(a)-Hydroxy-A"- 
cholenic acid preparation, Mc Ken- 
zie, McGuckin, and Kendall, 555 
Ring C, chemistry, Brink and Wallis, 


667 

Desoxyribonucleic acid: Cytochrome 
oxidase, effect, Zitile, 287 
Succinic dehydrogenase, effect, Zittle, 
287 

Diet: Ketonemia, fasting, effect, Tidwell 
and Treadwell, 155 
Liver lipids, effect, Handler, 77 
Riboflavin metabolism, effect, 
Czaczkes and Guggenheim, 267 
Dihydroxycholanic acid: 3(a),11(qa)-, 
preparation, Long and Gallagher, 
511 

Gallagher and Long, 521 
Dihydroxy-1l-ketocholanic acid: 3(a),- 
12-, Wolff Kishner reduction, 
Wintersteiner, Moore, and Rein- 


hardt, 707 
Dihydroxy-12-ketocholanic acid :3(a),11-, 


chemical constitution, Gallagher, 
539 
3(a),11(a)-, preparation, Gallagher and 
Hollander, 533 
Diiodotyrosine: Thyroxine formation, 
Reineke and Turner, 369 
Distribution: Studies, Hogeboom and 
Craig, 363 

E 
Enzyme(s): Choline acetylation, réle, 
Lipmann and Kaplan, 743 
Proteolytic, casein, effect, Eldred and 
Rodney, 261 
Sulfanilamide acetylation, réle, Lip- 
mann and Kaplan, 743 
Systems, phenylmercuric _ nitrate 
effect, Cook, Kreke, McDevitt, and 
Bartlett, 43 
See also Adenosinetriphosphatase, De- 
hydrogenase, Dehydropeptidase, 


Lecithinase, Oxidase, Phosphatase 
Estrogen(s): Urine, pregnancy, frac- 
tionation and determination, photo- 


metric, Stimmel, 99 | 





F 


Fasting: Ketonemia, diet effect, Tidwell 
and Treadwell, 155 


Fat(s): Galactose "utilization, effect, 
Geyer, Boutwell, Elvehjem, and Hart, 

251 

Insects, Giral, Giral, and Giral, 55 
Giral, 61 
Melanoplus atlanis, Giral, Giral, and 
Giral, 55 


Milk, glycerides, fatty acid distribu- 
tion pattern, Jack, Henderson, and 
Hinshaw, 119 

Sphenarium purpurascens, Giral, 61 

Fatty acid(s) : Acyl phosphates, synthesis 
and properties, Lehninger, 333 

Blood serum albumin and, combina 
bination, Boyer, Lum, Ballou, Luck, 
and Rice, ISI 
Boyer, Ballou, and Luck, 199 

—, combination, heat effect, 
Boyer, Lum, Ballou, Luck, and 
Rice, 181 
--- — —, combination, urea and 


guanidine effect, Boyer, Ballou, 
and Luck, 199 
Metabolism, Medes, Floyd, and Wein- 
house, 1 


Milk fat glycerides, distribution pat- 
tern, Jack, Henderson, and Hinshaw, 


119 

Fish: Testis, creatine phosphoric acid 
preparation, Greenwald, 239 
Flavin: Adenine dinucleotide, Lacto- 


bacillus casei utilization, riboflavin 
analogues, effect, Sarett, 87 


G 


Galactose: Utilization, fat effect, Geyer, 
Boutwell, Elvehjem, and Hart, 251 
Globulin(s): Blood serum, lecithinase 
effect, Petermann, 37 
Glyceride(s): Milk fat, fatty acid dis- 
tribution pattern, Jack, Henderson, 
and Hinshaw, 119 
Glycine: /-Serine conversion, biological, 
Shemin, 297 
Glycolysis: Acetylcholine synthesis, ef- 
fect, Torda and Wolff, 149 
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758 INDEX 


Goiter: Thyroid iodine and radioactive 
iodine, fractionation, Leblond, Pup- 
pel, Riley, Radike, and Curtis, 275 

Growth: Biochemical transformations, 


Shive and Macovw, 151 
Shire and Roberts, 163 
Blood plasma proteins, effect, Leiris, 
473 


Factor, protein, Womack and Rose, 
735 
Nicotinic acid requirement, protein 
relation, Krehl, Sarma, and Elre 


hjem, 103 
Protein strepogenin, effect, Woolley, 
383 

Substrate, Azotobacter respiration, 
effect, Harris, 1] 
Transformations, p-aminobenzoic acid 
effect, Shire and Roberts, 163 
—, aspartic acid effect, Shire and 
Macow, 151 


Tryptophane requirement, protein 
relation, Arehl, Sarma, and Elve- 
hjem, 103 

Guanidine: Blood serum albumin, fatty 
acids and related compounds, com- 
bination, effect, Boyer, Ballou, and 
Luck, 199 


H 


Hendecanoic acid: Body, storage, Vis 
scher, 129 
Hormone(s): Adrenal cortex, related 
compounds, synthesis, partial, Gal 


lagher, 491 
Gallagher and Long, 195 
Long and Gallagher, 511 
Gallagher and Long, 521 
Gallagher and Hollander, 533 
Gallagher, 539 
Hollander and Gallagher, HAD 


Hydrogen peroxide: Nicotinic acid deter- 
mination, effect, Brown, Thomas, and 
Bina, 221 

Hydroxy-A’''-cholenic acid: 3(a)-, de 
rivatives, chemical constitution, 


Sarett, 5O1 
—, preparation, Hicks, Berg, and 
Wallis, 633 


Hydroxy-A''-cholenic acid: 3(a)-, des- 
oxycholie acid, preparation from, 

We Kenzie, MeGuckin, and Kendall, 

555 

Hydroxy-11,12-dibromocholanic acid: 3. 
(a)-, related compounds and, Engel, 
Vattor, McKenzie, McGuckin, and 
Kendall, 565 
Hydroxy - 11,12 - diketocholanic acid: 
3d(a)-, Wolff-Kishner reduction, 


Wintersteiner and Moore. 725 

I 
Insect(s): Fats, Giral, Giral, and Giral. 
55 
Giral, 61 
Insulin: Carbohydrate metabolism, ef- 
fect, Stellen and Klein, 377 
Invertebrate(s): Testis creatine, Green- 
wald, 239 
Iodine: Radioactive, thyroid, goitrous, 
fractionation, Leblond,  Puppel, 
Riley, Radike, and Curtis, 275 
Thyroid, goitrous, fractionation, 
Leblond, Puppel, Riley, Radike, and 
Curtis, 275 


K 
Ketone bodies: Acetate oxidation, rela- 
tion, Wedes, Floyd, and Weinhouse, 


l 
Ketonemia: Fasting, diet effect, Tidwell 
and Treadwell, 155 


Ketosteroid(s): 12-, Il-hydroxyl group 
introduction, Riegel and Moffett, 
585 

L 
Lactic acid: Bacteria, pyridoxine fune- 
tion, Lyman, Voseley, Wood, Butler, 
and Hale, 173 


Lactobacillus casei: Flavin adenine di- 
nucleotide utilization, riboflavin 


analogues, effect, Sarett, 87 
Riboflavin utilization, riboflavin ana- 
logues, effect, Sarett, 87 
Lactobacillus gayonii: Nutrition, Hutch- 
ings, Sloane, and Boggiano, 737 
Lecithinase: Blood serum globulins, 
effect, Petermann, 37 
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SUBJECTS 759 


Lipid(s): Liver, diet effect, Handler, | 


4a 


Phospho-. See Phospholipid 
Lithocholenic acid: A''-, chemical con- 
stitution, Gallagher, 491 
, epoxide, reactions, Gallagher and 
Long, 495 
Liver: Cholesterol synthesis, Bloch, 
Borek, and Rittenberg, 441 


Disease, blood serum phosphatase, 


alkaline, effect, Driil and Riggs, 


21 

Fatty, N'-methylnicotinamide methyl! 
group, effect, Najjar and Deal, 741 

Lipids, diet effect, Handler, 77 
Phospholipids, choline effect, radio- 
active phosphorus in study, Enten- 
man, Chaikoff, and Friedlander, 


111 
Succinic dehydrogenase, Hogeboom, 
739 
M 
Melanoplus atlanis: Fat, Giral, Giral, 
and Giral, 55 


Methionine: Transmethylation tn vivo, 
effect, Cohn, Simmonds, Chandler, 


and du Vigneaud, 343 
Methylnicotinamide: N'-, demethyla- 
tion, Najjar and Deal, 741 

—, methyl group, fatty liver, effect, 
Najjar and Deal, 741 


Methyluric acid(s): Metabolism, Myers 


and Hanzal, 309 | 


Methylxanthine(s): Metabolism, Myers 
and Hanzal, 309 

Milk: Fat, glycerides, fatty acid dis- 
tribution pattern, Jack, Henderson, 
and Hinshaw, 119 

Mold: See also Aspergillus 

Myosin: Adenosinetriphosphatase sepa- 


ration, Price and Cori, 393 
N 

Nicotinamide: N'-Methyl-, demethyla- 
tion, Najjar and Deal, 741 

—, methyl group, fatty liver, effect, 
Najjar and Deal, 741 
Nicotinic acid: Determination, chemical 
and microbiological, Brown, 


Thomas, and Bina, 221 | 





Nicotinic acid—continued: 
Determination, hydrogen peroxide ef- 
fect, Brown, Thomas, and Bina, 221 
infra-red rays, effect, Brown, 
Thomas, and Bina, 221 
Requirement, growth, protein effect, 
Krehl, Sarma, and Elwehjem, 403 
Nucleic acid: Desoxyribo-. See Des- 
oxyribonucleic acid 
tibo-. See Ribonucleic acid 


oO 
Oxidase : Cytochrome, desoxyribonucleic 
acid effect, Zittle, 287 


—, ribonucleic acid effect, Zitile, 287 
Oxygen: Steroid nucleus, introduction, 
Hicks and Wallis, 641 


See also Anoxia 


P 


Pea: Starch amylose, Hilbert and Mac- 
Masters, 229 


| Peptidase: Dehydro-, tissue, activity, 


Greenstein and Leuthardt, 175 
Phenylmercuric nitrate: Action, Cook, 
Kreke, McDevitt, and Bartlett, 43 


Cook, Perisutti, and Walsh, 51 
Enzyme systems, effect, Cook, Kreke, 
McDevitt, and Bartlett, 43 


Respiration depression, sulfhydryl 
effect, Cook, Perisutti, and Walsh, 


51 

Phosphatase: Adenosinetri-, creatine 
effect, Price and Cori, 393 

, myosin, separation, Price and 
Cori, 393 
Blood serum, alkaline, liver disease, 
effect, Drill and Riggs, 21 


-Containing enzyme products, yeast 
and wheat embryo cocarboxylase 
hydrolysis, use, Sure, 139 

Phosphate(s): Inorganic, determination, 
labile phosphate esters, presence, 
Lowry and Lopez, 421 


| Phospholipid(s): Liver, choline effect, 


radioactive phosphorus in study, 
Entenman, Chaikoff, and Fried- 
lander, 111 
Phosphorus: Radioactive, liver phos- 
pholipids, choline effect, use in 








760 INDEX 
study, Entenman, Chaikoff, and | Ribonucleic acid: Cytochrome oxidase, 
Friedlander, 111 effect, Zittle, 287 


Pregnancy: Urine estrogens, fractiona- 
tion and determination, photo- 
metric, Stimmel, 99 

Pregnene-4-diol-17 (8),21-trione-3, 11,20 


monoacetate: Synthesis, partial, 
Sarett, 601 
Pregnene-4-triol-17 (8) ,20(8),21-dione- 
3,11 monoacetate : Synthesis, partial, 
Sarett, 601 
Protein(s): Blood plasma, growth effect, 
Lewis, 473 


Growth factor, Womack and Rose, 735 
Homomolecular, blood serum, solu- 
bility, Lerner and Greenberg, 429 
Nicotinic acid requirement, growth, 
effect, Krehl, Sarma, and Elvehjem, 


403 

Strepogenin, growth, effect, Woolley, 
383 

Tryptophane requirement, growth, 
effect, Krehl, Sarma, and Elvehjem, 
403 

Proteolysis: Enzymes, casein, effect, 
Eldred and Rodney, 261 


Pyridine: 3-Acetyl-, tryptophane rela- | 


tion, Woolley, 179 
Pyridoxine: Lactic acid bacteria, func- 
tion, Lyman, Moseley, Wood, Butler, 
and Hale, 173 
See also Vitamin 


Q 


Quinine: Ultraviolet irradiation, effect, 


By 


Kyker, Cornatzer, and McEwen, 
353 

R 
Riboflavin: Analogues, Lactobacillus 
casei riboflavin and flavin adenine 
dinucleotide utilization, effect, | 
Sarett, 87 
Carbohydrate metabolism, anoxia, 
effect, Wickson and Morgan, 209 


Determination, micro-, Loy and Kline, 














177 
Lactobacillus casei utilization, ribo- | 
flavin analogues, effect, Sarett, 87 | 


Metabolism, diet effect, 


Guggenheim, 267 


| 
zaczkes and 


Succinic dehydrogenase, effect, Zittle, 


287 

S 
Saccharomyces carlsbergensis: Yeast 
vitamin B, availability, Rubin and 
Scheiner, 389 


Serine: /-, glycine, conversion, biologi- 
cal, Shemin, 297 
Sphenarium purpurascens: Fat, Giral, 


61 
Starch: Pea, amylose, Hilbert and 
MacMasters, 229 


Steroids: Clark, Brink, and Wallis, 663 
Berg and Wallis, 683 
Bile acids, Mc Kenzie, McGuckin, and 
Kendall, 555 
Engel, Mattox, Mc Kenzie, McGuckin, 

and Kendall, 565 
Turner, Mattox, Engel, McKenzie, 


and Kendall, 571 
12-Keto-, 1l-hydroxyl group intro- 
duction, Riegel and Moffett, 585 


Nucleus, oxygen introduction, Hicks 
and Wallis, 641 
Oxides, preparation and rearrange- 
ment, Hicks, Berg, and Wallis, 645 
Sterol: Dichlorides, preparation, Berg 
and Wallis, 683 
Strepogenin: Proteins, growth, effect, 


Woolley, 383 
Streptidine: Chemical constitution, 
Fried, Boyack, and Wintersteiner, 
391 

Streptococcus faecalis: Amino acid re- 
quirements, Greenhut, Schweigert, 
and Elvehjem, 69 


Threonine determination, use, Green- 
hut, Schweigert, and Elvehjem, 69 
Streptomycin: Preparation, Le Page and 


Campbell, 163 
Streptidine, chemical constitution, 
Fried, Boyack, and Wintersteiner, 

391 

Succinic dehydrogenase: Desoxyribo- 
nucleic acid effect, Zitile, 287 
Liver, Hogeboom, 739 
Ribonucleic acid effect, Zittle, 287 
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SUBJECTS 761 


Sulfanilamide: Acetylation, enzymatic, 


Lipmann and Kaplan, 743 
Sulfhydryl: Respiration depression, 
phenylmercuric nitrate-induced, 
effect, Cook, Perisuttt, and Walsh, 
51 

T 
Testis: Creatine, invertebrates, Green- 
wald, 239 
Fish, creatine phosphoric acid prep- 
aration, Greenwald, 239 
Threonine: Determination, Strepto- 
coccus faecalis use, Greenhut, 
Schweigert, and Elvehjem, 69 


Thymol: Turbidity reaction, blood 
serum, determination, Shank and 
Hoagland, 133 

Thyroid: Goiter, iodine and radioactive 
iodine, fractionation, Leblond, Pup- 
pel, Riley, Radike, and Curtis, 275 

-Inhibiting compounds and related 
substances, determination and prop- 
erties, Christensen, 27 

Thyroxine: Diiodotyrosine, formation 
from, Reineke and Turner, 369 

Tryptophane: 3-Acetylpyridine relation, 
Woolley, 179 

Requirement, growth, protein effect, 
Krehl, Sarma, and Elvehjem, 403 

Tyrosine: Diiodo-, thyroxine formation, 

Reineke and Turner, 369 


U 


Urea: Blood serum albumin, fatty acids 
and related compounds, combina- 





Urea—continued: 
tion, effect, Boyer, Ballou, and 


Luck, 199 
Determination, micro-, Kinsey and 
Robison, 325 
Uric acid(s): Methyl-, metabolism, 
Myers and Hanzal, 309 
Urine: Androstane-3 (a) , 11-diol-17-one 
isolation, Mason, 745 


Estrogens, pregnancy, fractionation 
and determination, photometric, 
Stimmel, ‘ 99 


Vv 
Vitamin(s): B complex, chick require- 
ment, Petering, Marvel, Glausier, 
and Waddell, 477 
—-—. See also p-Aminobenzoic acid 
Bz, yeast, Saccharomyces carlsbergen- 
sis, availability, Rubin and Scheiner, 


389 
See also Pyridoxine 

Ww 
Wheat: Embryo, cocarboxylase hydroly- 
sis, use, Sure, 139 

xX 
Xanthine(s) : Methyl, metabolism, 
Myers and Hanzal, 309 

Y 
Yeast: Cocarboxylase hydrolysis, use, 
Sure, 139 


Vitamin B,, Saccharomyces carlsbergen- 
sis, availability, Rubin and 
Scheiner, 389 
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